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AUTOMATIC TRANSMISSION 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a National Phase Application (35 USC 371) of 
PCT/JP2003/017069 and claims priority of Japanese Application No. 2002-382531 , filed 
December 27, 2002, the teachings of which are incorporated by reference herein in its 
entirety, inclusive of the specification, claims, abstract and drawings. 

Technical Field 

[0000] The present invention relates to an automatic transmission for a vehicle, 
and more specifically, to an automatic transmission that can shift between multiple 
speeds, with the capability of input of reduced speed rotation to a selected one of the 
rotary components of a planetary gear unit. 

Background Art 

[0003] One type of conventional automatic transmission comprises a planetary 
gear unit with two rows of linked planetary gears, and planetary gearing that outputs 
rotation at a speed reduced from that of the input shaft. See, for example, Japanese 
Unexamined Patent application Publication No. 4-125345 and Japanese Unexamined 
Patent application Publication No. 2000-274498. These publications disclose automatic 
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transmissions providing, for example, six forward speeds and one reverse speed, with 
input of rotation at a speed reduced by planetary gearing, via a clutch, to one of four 
rotary components of a planetary gear unit. 

[0004] In recent years, multi-staging of automatic transmissions has been 
desired from the perspective of improved fuel efficiency, due to environmental problems 
and so forth. However, in general, multi-staging results in a larger automatic 
transmission due to the increased number of components, while from the perspective of 
ease of mounting on a vehicle, a compact automatic transmission is desired. 

[0005] The above-mentioned conventional automatic transmission comprises 
two clutches for inputting the rotation of the input shaft into a rotary component of the 
planetary gear unit, and planetary gearing for reducing the speed of rotation of the input 
shaft for input into the rotary component of the planetary gear unit. However, where the 
two clutches or a hydraulic servo that controls the engagement of the clutches is located 
between the planetary gear unit and the planetary gearing, the unit for transmitting the 
reduced speed rotation output by the planetary gearing to a rotary component of the 
planetary gear unit must be axially elongated. 

[0006] The elongated member transmits the reduced speed rotation and a large 
torque, and provision of an elongated member that can withstand such large torque 
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requires fabrication from a relatively thick material, which prevents compactness of the 
automatic transmission. Further, the weight of such a unit is increased, the inertia 
(inertial force) is increased, the controllability of the automatic transmission is decreased 
and speed change shocks occur more easily. 

[0007] Further, for example, in order to engage or disengage transfer of the 
reduced speed rotation to the planetary gear unit from the planetary gearing, a clutch or 
brake must be provided. In the case that a clutch is provided, this clutch together with 
the above-mentioned two clutches, total three clutches in all. In general, a clutch has a 
clutch drum that transmits the rotation input to the friction plates, and therefore, with a 
problem such as relative rotation, supply of oil pressure to the oil chamber of the 
hydraulic servo of the clutch must be from the mid-section of the automatic 
transmission. 

[0008] However, if the above-described three clutches are located on one axial 
side of the planetary gear unit for example, oil lines for supplying oil pressure to the 
three respective hydraulic servos must be provided in triplicate in the mid-section of the 
automatic transmission for example, and the configuration of the oil lines becomes 
complicated. 
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SUMMARY OF THE INVENTION 

[0009] Accordingly, an object of the present invention is to provide an automatic 
transmission that achieves multi-staging, and yet is reduced in size. Another object of 
the present invention is to provide an automatic transmission wherein reduced speed 
rotation output means and a first clutch are located on one axial side of the planetary 
gear unit, and a second clutch is located on the other axial side of the planetary gear 
unit, so as to provide solution of the above-mentioned problems. 

[0010] Accordingly, the present invention provides an automatic transmission 
comprising: an input shaft that rotates with the rotation output from a drive source; a 
planetary gear unit comprised of first, second, third, and fourth rotary components; 
reduced speed rotation output means for reducing the speed of the input rotation from 
the input shaft and for outputting rotation at the reduced speed to the first rotary 
component; a first clutch that selectively connects the input shaft and the second rotary 
component; a second clutch that selectively connects the input shaft with the third rotary 
component; and an output unit that outputs the rotation of the fourth rotary component 
to a drive wheel transmission mechanism. The reduced speed rotation output means 
and the first clutch are located on one.axial side of the planetary gear unit and the 
second clutch is located on the other axial side of the planetary gear unit. 
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[0011] Accordingly, the reduced speed rotation output means and planetary gear 
unit can be disposed closer to each other in comparison with a case wherein the first 
clutch and second clutch, for example, are located between the reduced speed rotation 
output means and the planetary gear unit, while providing at least five forward speeds 
fOHA^ard and one reverse speed. Further, the transmitting member which transmits the 
reduced speed rotation can be made relatively shorter, thereby enabling the automatic 
transmission to be made more compact. 

[0012] Further, because the transmitting member for transmitting the reduced 
speed rotation can be made relatively shorter, it can be more lightweight, and further, 
because the inertia (inertial force) is reduced, the controllability of the automatic 
transmission can be improved, and the occurrence of speed change shock can be 
reduced. 

[0013] Further, in the case that the reduced speed rotation output means has a 
clutch, three clutches in all are required, but compared to the case wherein the three 
clutches are located on one side of the planetary gear unit, the construction of the oil 
lines supplying the hydraulic servos of those clutches is easier, the manufacturing 
process is simplified and the cost is reduced. 
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[0014] The automatic transmission of the present invention may further include a 
transmitting member for linking the reduced speed rotation output means and the 
planetary gear unit, wherein the first clutch is located radially inward of the transmitting 
member. 

[0015] The reduced speed rotation output means may include an input rotary 
element for receiving input of rotation of the input shaft in a continuous manner, a fixed 
element, a reduced speed rotary element, and a third clutch for controlling connection, 
through the transmitting member, between the reduced speed rotary element and the 
first rotary component, wherein the reduced speed rotation is transmitted to the first 
rotary component by engagement of the third clutch. 

[0016] The automatic transmission of the present invention may have the first 
clutch located radially inward of the third clutch. 

[0017] Accordingly, the third clutch, which must transmit a relatively large torque 
at the reduced speed, can be located on the outer circumferential side, and this third 
clutch and its hydraulic servo can have a larger diameter. More specifically, the 
pressure-receiving area of the oil chamber of the hydraulic servo can be increased, and 
the capacity for torque transmission of this third clutch is thereby increased. However, 
by locating the first clutch, which can have a smaller capacity for torque transmission 
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compared to the third clutch, on the inner circumferential side, the automatic 
transmission can be formed more compact. 

[0018] The third clutch includes friction members, a drum unit and a hub unit 
that links through the friction members with the reduced speed rotary component. The 
drum unit forms a hydraulic servo with a piston sealed in an oil-tight manner, and links 
with the first rotary component. The first clutch is located radially inward of the drum 
unit. The friction members of the third clutch are preferably located radially outward of 
the speed reducing planetary gearing, with the hydraulic servo of the third clutch 
disposed adjoining the speed reducing planetary gearing on the opposite axial side of 
the planetary gear unit. 

[0019] The hydraulic servo of a first brake, for braking the first rotary component 
of the planetary gear unit to which reduced speed rotation is input, is located radially 
outward of the hydraulic servo of the third clutch. 

[0020] The intermediate element of the speed reducing planetary gearing may 
be fixed to a first boss extending from one side wall of a case with the hydraulic servo of 
the third clutch mounted on the first boss. Likewise, the hydraulic servo of the second 
clutch is located on the outside of the second boss that extends from another side wall 
of the case. The first clutch is located adjoining the planetary gearing and includes 
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friction members, a hydraulic servo for engaging the friction members, and a drum unit 
and hub unit integral with the hydraulic.servo, wherein the drum unit is linked with the 
input shaft. 

[0021] In one embodiment, the reduced speed rotation output means includes 
an input rotary element for receiving input of rotation of the input shaft, a fixable element 
for being fixed against rotation, a reduced speed rotary element that is linked to the first 
rotary component at all times and rotates at the reduced speed, a third clutch for 
selectively connecting, through the transmitting member, the input shaft and the input 
rotary element, and a third brake for fixing the fixable element against rotation, wherein 
the reduced speed rotation is transmitted to the first rotary component by engagement 
of the third clutch and the third brake. In this embodiment the third clutch may be 
disposed radially inward of the transmitting member. 

[0022] The first clutch and the third clutch may be located axially adjacent and 
radially inward of the transmitting member. 

[0023] The third clutch includes friction members and a hydraulic servo for 
engaging the friction members, wherein the hydraulic servo is located on the side of the 
speed reducing (second) planetary gear unit axially opposite the first planetary gear 
unit; and wherein a drum unit that forms the cylinder of the hydraulic servo is linked 
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with the input shaft. 

[0024] The hydraulic servo of the third clutch may be located adjoining the 
hydraulic servo of the first clutch, between the hydraulic servo of the first clutch and the 
friction plates of the third clutch. 

[0025] The third brake may be located on the side of the second planetary gear 
unit PR axially opposite the first planetary gear unit PU. 

[0026] The hydraulic servo of the third brake may be formed in the case. 

[0027] In yet another embodiment, the reduced speed rotation output means 
includes an input rotary element for receiving input of rotation from the input shaft, a 
fixable element for being fixed against rotation, a reduced speed rotary element which 
rotates at the reduced speed and which is connected to the first rotary component at all 
times, and a third brake for fixing the fixable element against rotation, wherein the 
reduced speed rotation is transmitted to the first rotary component by engagement of 
the third brake. 

[0028] The automatic transmission of the foregoing embodiment achieves six 
forward speeds and one reverse speed, and in fourth speed fonA^ard the first and 
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second clutches are both engaged, that is to say the automatic transmission is directly 
coupled in fourth speed forward. Therefore, in fifth speed forward and sixth speed 
forward, the gear ratio can be a high ratio, so that when the vehicle is running at high 
speed, the engine speed can be relatively lower, thereby allowing the vehicle to run 
more quietly at high speed. 

[0029] The first planetary gear unit is preferably a multiple planetary gear unit, 
comprising a first sun gear, a long pinion which meshes with the first sun gear, a short 
pinion which meshes with the long pinion, a carrier for rotatably supporting the long 
pinion and the short pinion, a second sun gear meshing with the short pinion, and a ring 
gear meshing with the long pinion. In such an embodiment the first rotary component is 
the first sun gear which receives input of the reduced speed rotation from the reduced 
speed rotation output means, and which can be fixed against rotation by engagement of 
the first brake, the second rotary component Is the second sun gear which receives 
input of the rotation of the input shaft upon engagement of the first clutch, the third 
rotary component is the carrier which receives input of the rotation of the input shaft 
upon engagement of the second clutch, and which is fixed against rotation by 
engagement of the second brake, and the fourth rotary component is the ring gear 
linked to the output member. 
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[0030] The automatic transmission according to another embodiment includes a 
pair of the planetary gear units each comprising a first sun gear, a second sun gear 
linked to the first sun gear, a first carrier meshing with the first sun gear, a second 
carrier meshing with the second sun gear, a first ring gear linked to the second carrier, 
and a second ring gear meshing with the second carrier. In this embodiment the first 
rotary component is the second ring gear which receives input of the reduced speed 
rotation from the reduced speed rotation output means, and which is capable of being 
fixed against rotation by engagement of the first brake and the second rotary 
component is the first sun gear and the second sun gear which receive input of the 
rotation of the input shaft upon engagement of the first clutch. The third rotary 
component is the second carrier and the first ring gear which receive input of the 
rotation of the input shaft upon engaging of the second clutch, and which are fixed by 
engagement of the second brake. The fourth rotary component is a first carrier linked to 
the output member. 

[0031] In the foregoing embodiment, in first speed forward, the first clutch and 
the second brake are engaged; in second speed forward, the first clutch and the first 
brake are engaged; in third speed fonA^ard reduced speed rotation is input to the first 
rotary component from the reduced speed rotation output means, and the first clutch is 
engaged; in fourth speed fonA/ard the first clutch and the second clutch are both 
engaged; in fifth speed fonA/ard reduced speed rotation is input to the first rotary 
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component from the reduced speed rotation output means, and the second clutch is 
engaged; in the sixth speed forward the second clutch and the first brake are engaged; 
and in the first speed reverse, reduced speed rotation is input to the first rotary 
component from the reduced speed rotation output means, and the second brake is 
engaged. In this embodiment six forward speeds and one reverse speed are provided. 
In fifth speed forward both the first clutch and the second clutch may be engaged to 
provide a directly coupled state. Therefore, between first speed forward and fourth 
speed forward, the ranges of the gear ratios can be relatively narrower, and therefore 
when the vehicle is running at a low to moderate speed, the engine speed can be better 
optimized, and fuel consumption can be reduced. 

[0032] Alternatively, in embodiments wherein the planetary gear unit is a multiple 
planetary gear unit, the first rotary component is the second sun gear which receives 
input of the reduced speed rotation of the reduced speed rotation output means; the 
fixable rotary element is a carrier which receives input of the rotation of the input shaft 
by engagement of the first clutch, and which Is fixed against rotation by engagement of 
the first brake; the third rotary component is the first sun gear which receives input of 
the rotation of the input shaft upon engagement of the second clutch, and which is fixed 
against rotation by engagement of the second brake; and the fourth rotary component 
is the ring gear. 
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[0033] In the foregoing alternative embodiment, in first speed forward reduced 
speed rotation is input to the first rotary component from the reduced speed rotation 
output means, and the first brake is engaged; in second speed forward, reduced speed 
rotation is input to the first rotary component from the reduced speed rotation output 
means, and the second brake is engaged; in third speed forward, reduced speed 
rotation is input to the first rotary component from the reduced speed rotation output 
means, and the second clutch is engaged; in fourth speed forward, reduced speed 
rotation is input to the first rotary component from the reduced speed rotation output 
means, and the first clutch is engaged; in fifth speed fonA/ard, the first clutch and the 
second clutch are both engaged; in sixth speed forward, the first clutch and the second 
brake are both engaged; and in first speed reverse, the second clutch and the first 
brake are engaged. Thus, this embodiment also provides six fon^/ard speeds and one 
reverse speed. 

[0034] In the embodiment mentioned above the "fixed element" may be a carrier 
fixed to the case, optionally, a boss on the interior of the case, and carrying pinions 
meshed with the input rotary element and the reduced speed rotary element. Likewise, 
the "fixable element" may be a carrier which can be fixed against rotation by 
engagement of a brake and which carries pinions meshed with the input rotary element 
and the reduced speed rotary element. 
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[0035] The first clutch may be located on the side of the first planetary gear unit 
axially opposite the speed reducing second planetary gear unit. 

[0036] Thus, the first clutch engages at relatively low to medium speeds. 
Accordingly, when this second clutch is disengaged at relatively high speeds or in 
reverse, the unit linking this second clutch and the third rotary component rotates at a 
relatively high speed or in the opposite direction. On the other hand, a case may occur 
wherein the transmitting member, that transmits the reduced speed rotation from the 
reduced speed rotation output means, will rotate at a reduced speed or is engaged, and 
the difference in speeds may be great. However, because this second clutch is located 
on the side of the first planetary gear unit opposite the reduced speed rotation output 
means, the unit rotating at a relatively high speed or in reverse rotation and the unit 
rotating at the reduced speed of the reduced speed rotation output means (particularly 
the transmitting member) can be separated. For example, compared to the case 
wherein those units are arranged in a multiple axis configuration and are in contact, a 
decrease in efficiency of the automatic transmission due to relative rotation between 
these units can be prevented. 

[0037] In the foregoing embodiment, the second clutch is engaged in reverse. 
Accordingly, when the second clutch is engaged in reverse, the reduced speed rotation 
unit (particularly the transmitting member) of the reduced speed rotation output means 
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rotates in reverse. In a case wherein tlie unit linking this second clutch and the third 
rotary component is rotating at the speed of rotation of the input shaft due to the second 
clutch being engaged, the difference in rotational speeds may be great. However, 
because the second clutch is located on the side of the first planetary gear unit opposite 
the reduced speed rotation output means, the unit with reverse rotation (particularly the 
transmitting member) and the unit that rotates with the rotation of the input shaft can be 
separated. As compared to a multiple axis construction wherein these units are in 
contact, decrease in efficiency of the automatic transmission due to relative rotation 
between these units can be avoided. 

[0038] The first clutch includes friction plates having their inner peripheries 
splined to a member linked to the second rotation component, a first drum 
encompassing an hydraulic servo and which is splined on its outer circumferential 
surface to friction plates, a first piston member for engaging the friction plates, and a 
first hydraulic servo oil pressure chamber formed by liquid-tight seals between the inner 
circumferential surface of the first piston member and the first drum member. The 
second clutch comprises friction plates having their inner edges splined to a member 
linked to the third rotation component, a second drum encompassing a hydraulic servo 
and which is splined to the outer edges of friction plates and which is disposed on the 
inner circumferential side of a member linked to the second rotary component, a second 
piston member for engaging the friction plates, and a second hydraulic servo oil 
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pressure chamber formed by sealing between the inner circumferential surface of the 
second piston member and the input shaft, and between the outer circumference 
surface and the second drum member. 

[0039] The output member may be disposed axially between the first planetary 
gear unit and the reduced speed rotation output means. 

[0040] Accordingly, the output unit can be located in approximately the axial 
center of the automatic transmission. Thus, when the automatic transmission is 
mounted on the vehicle, enlargement towards the rear (when the end receiving the input 
from the drive source is the "front") becomes unnecessary because the output member 
is mounted to mate with the drive wheel transmission device. Because of this, 
particularly in the case of a FF vehicle, interference with the front wheels is reduced, 
and the mountability on a vehicle is improved, for example, the steering angle is greatly 
increased. 

[0041] The output member may be located axially between the planetary gear 
unit and the second clutch. Accordingly, the planetary gear unit and the reduced speed 
rotation output means can be arranged even closer together, and the transmitting 
member can be further shortened. 
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[0042] The reduced speed rotation output means may be in the form of a speed 
reducing second planetary gear unit, more specifically, a double pinion planetary gear 
unit, wherein the speed reducing second planetary gear unit, the first planetary gear 
unit, and the output member, are arranged coaxially with the input shaft. 

[0043] A differential unit outputs rotation to the drive wheels, a counter shaft unit 
is engaged with the differential unit, and the output member may be a counter gear 
meshing with the counter shaft unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0044] Fig. 1 is a schematic cross-sectional view of an automatic transmission 

according to a first embodiment; 

[0045] Fig. 2 is a table of operations of the automatic transmission of the first 

embodiment; 

[0046] Fig. 3 is a speed line diagram for the first embodiment; 

[0047] Fig. 4 is a schematic cross-sectional view of an automatic transmission 
according to a second embodiment; 

[0048] Fig. 5 is a schematic cross-sectional view of an automatic transmission 
according to a third embodiment; 

[0049] Fig. 6 is a table of operations of the automatic transmission of the third 
embodiment; 
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[0050] Fig. 7 is a speed line diagram for the automatic transmission of the third 
embodiment; 

[0051] Fig. 8 is a schematic cross-sectional view of an automatic transmission 
according to a fourth embodiment; 

[0052] Fig. 9 is a table of operations for the automatic transmission of the fourth 
embodiment; 

[0053] Fig. 10 is a speed line diagram for the automatic transmission of the 
fourth embodiment; 

[0054] Fig. 1 1 is a schematic cross-sectional view of an automatic transmission 
according to a fifth embodiment; 

[0055] Fig. 12 is a schematic cross-sectional view of an automatic transmission 
of a sixth embodiment; 

[0056] Fig. 13 is a schematic cross-sectional view of an automatic transmission 
of a seventh embodiment; 

[0057] Fig. 14 is a schematic cross-sectional view of an automatic transmission 
according to an eighth embodiment; 

[0058] Fig. 15 is a schematic cross-sectional view of an automatic transmission 
according to a ninth embodiment; 

[0059] Fig. 16 is a schematic cross-sectional view of an automatic transmission 
according to a tenth embodiment; 

[0060] Fig. 17 is a schematic cross-sectional view of an automatic transmission 
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of an eleventh embodiment; 

[0061] Fig. 18 is a schematic cross-sectional view of an automatic transmission 
according to a twelfth embodiment; 

[0062] Fig. 19 is a schematic cross-sectional view of an automatic transmission 
according to a thirteenth embodiment; 

[0063] Fig. 20 is a schematic cross-sectional view of an automatic transmission 
according to a fourteenth embodiment; 

[0064] Fig. 21 is a schematic cross-sectional view of an automatic transmission 
according to a fifteenth embodiment; 

[0065] Fig. 22 is a table of operations of the automatic transmission of the 
fifteenth embodiment, 

[0066] Fig. 23 is a speed line diagram for the automatic transmission of the 
fifteenth embodiment; 

[0067] Fig. 24 is a schematic cross-sectional view of an automatic transmission 
according to a sixteenth embodiment; 

[0068] Fig. 25 is a table of operations of the automatic transmission of the 
sixteenth embodiment; 

[0069] Fig. 26 is a speed line diagram for the automatic transmission of the 
sixteenth embodiment; 

[0070] Fig. 27 is a schematic cross-sectional view of an automatic transmission 
according to a seventeenth embodiment; 
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[0071] Fig. 28 is a table of operations of the automatic transmission of the 
seventeenth embodiment; 

[0072] Fig. 29 is a speed line diagram for the automatic transmission of the 
seventeenth embodiment; 

[0073] Fig. 30 is a schematic cross-sectional view of an automatic transmission 
according to an eighteenth embodiment; 

[0074] Fig. 31 is a table of operations of the automatic transmission of the 
eighteenth embodiment; 

[0075] Fig. 32 is a speed line diagram for the automatic transmission of the 
eighteenth embodiment; 

[0076] Fig. 33 is a schematic cross-sectional view of an automatic transmission 
of a nineteenth embodiment; 

[0077] Fig. 34 is a table of operations of the automatic transmission of the 
nineteenth embodiment; 

[0078] Fig. 35 is a speed line diagram for the automatic transmission of the 
nineteenth embodiment; 

[0079] Fig. 36 is a schematic cross-sectional view of an automatic transmission 
according to a twentieth embodiment; 

[0080] Fig. 37 is a table of operations of the automatic transmission of the 
twentieth embodiment; 

[0081] Fig. 38 is a speed line diagram for the automatic transmission of the 
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twentieth embodiment; 

[0082] Fig. 39 is a schematic cross-sectional view of an automatic transmission 
according to a twenty-first embodiment; 

[0083] Fig. 40 is a schematic cross-sectional view of an automatic transmission 
according to a twenty-second embodiment; 

[0084] Fig. 41 is a schematic cross-sectional view of an automatic transmission 
according to a twenty-third embodiment; 

[0085] Fig. 42 is a schematic cross-sectional view of an automatic transmission 
according to a twenty-fourth embodiment; and 

[0086] Fig. 43 is a schematic cross-sectional view of an automatic transmission 
according to a twenty-fifth embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

[0087] A first embodiment of the present invention will be described with 
reference to Fig. 1 through Fig. 3 below. Fig. 1 shows an automatic transmission 1^ 
according to the first embodiment of the present invention that is particularly well suited 
for a FF (front engine, front wheel drive) vehicle. A case includes a torque converter 
housing (not illustrated) and a transmission case 3 which houses the automatic 
transmission 1^, a counter shaft unit (drive wheel transmission device) (not illustrated) 
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and a differential unit (drive wheel transmission device). 

[0088] The torque converter is centered on the axis of input shaft 2 of the 
automatic transmission 1^, which is on the same axis as the output shaft of the engine 
(not illustrated). Further, the above-mentioned counter shaft unit includes a counter 
shaft (not illustrated) aligned on an axis parallel to the input shaft 2, and the above- 
mentioned differential unit has a lateral axle aligned parallel to the counter shaft. 

[0089] Fig. 1 shows, arranged along the input shaft 2, a first planetary gear unit 
PU and a second planetary gear unit (reduced speed rotation output means) PR. The 
first planetary gear unit PU is a multiple type planetary gear unit which includes a sun 
gear (the second rotary component) S2, a carrier (the third rotary component) CR2, a 
ring gear (the fourth rotary component) R3, and a sun gear (the first rotary component) 
S3, as the four rotary components. The carrier CR2 has a long pinion PL that meshes 
with the sun gear S3 and the ring gear R3, and a short pinion PS that meshes with the 
sun gear S2, wherein the pinions are also meshed to one another. Further, the second 
planetary gear unit PR is a so-called double planetary gear unit that has a carrier CR1 
which rotatably supports a pinion Pb meshing with a ring gear R1 and a pinion Pa 
meshing with a sun gear S1 , wherein the pinions also mesh one with another. 

[0090] Arranged on the input shaft 2 are a multi-disc clutch (first clutch) C1 , 
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which comprises a hydraulic servo 1 1 , friction plates 71 , a clutch drum 21 , and a hub 
unit 22 linked to sun gear S2 on the inner circumferential side; and a multi-disc clutch 
(third clutch) C3, which includes a hydraulic servo 13, friction plates 73, and a clutch 
drum 25 on the outer circumferential side. Further, located radially outward of the drum 
mfember 25 is a multi-disc brake B1 (first brake) which has a hydraulic servo 14 and 
friction plates 74. 

[0091] Hydraulic servo 1 1 includes a piston unit b for engaging the friction plates 
71, a drum 21 that has a cylinder unit e, an oil chamber (hereafter, simply "oil chamber") 
"a" formed by seal rings f and g interposed between piston unit b and cylinder unit e, a 
return spring c that biases piston unit b toward oil chamber "a", and a return plate d that 
bears the force of return spring c. 

[0092] In the descriptions to follow, each hydraulic servo shall be considered as 
being constructed similarly, i.e., as having an oil chamber "a", a piston unit b, a return 
spring c, a return plate d, a cylinder unit e, and seal rings f and g, and, as such, 
descriptions thereof will not be repeated. 

[0093] The oil chamber "a" of this hydraulic servo 1 1 is connected to an oil line 
2a which is formed on the input shaft 2, and this oil line 2a is connected to the oil line 91 
of the boss 3a which is in the form of a sleeve surrounding the input shaft 2. Further, 
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this oil line 91 is connected to an oil pressure control unit, not illustrated. In other 
words, due to the above-mentioned hydraulic servo 11 being mounted on the input 
shaft 2, an oil supply path from the oil pressure control unit, not illustrated, to the oil 
chamber "a" of the hydraulic servo 1 1 is connected simply by providing one set of seal 
rings 81 between the boss 3a and the input shaft 2. 

[0094] Further, the oil chamber "a" of the above-mentioned hydraulic servo 13 is 
directly connected to an oil line 92 of the above-mentioned boss 3a, and this oil line 92 
is connected to an oil pressure control unit, not illustrated. Thus, the hydraulic servo 13 
has its oil chamber "a" connected to the oil pressure control unit simply by providing one 
set of seal rings 80 between the boss 3a and the drum 25. 

[0095] The input shaft 2 is connected to the above-mentioned drum 21, and the 
inner circumferential surface of this drum 21 is splined to the friction plates 71 of the 
clutch CI which is operated by the hydraulic servo 1 1 . The friction plates 71 of clutch 
CI are intermeshed with friction plates splined to the hub unit 22 which is connected to 
the sun gear S2. 

[0096] The drum 25 is rotatably supported by the boss 3a and the outer 
circumferential surface of a front portion of this drum 25 is splined to friction plates 74 of 
the brake B1 which can be engaged by the hydraulic servo 14. The inner 
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circumferential surface of tlie front portion of this drum 25 is splined to the friction plates 
73 of the clutch C3 which is operated by the hydraulic servo 1 . The friction plates 73 
are intermeshed with friction plates splined to the ring gear R1 . 

[0097] The carrier CR1 supports a pinion Pa and a pinion Pb, pinion Pb meshes 
with the above-mentioned ring gear R1 , and pinion Pa meshes with the sun gear S1 
which is connected to the input shaft 2. This carrier CR1 is secured to the boss 3a of 
via a side plate, and ring gear R1 is supported by a supporting plate 26 which, in turn, is 
rotatably supported by the boss 3a. 

[0098] Further, the above-mentioned drum 25 receives, via a linking member 
(hereafter, also referred to as "transmitting member") 30, the rotation of the ring gear 
R1 , At one end of this transmitting member 30 is connected the sun gear S3 of the first 
planetary gear unit PU. 

[0099] On the other side pf the input shaft 2 (left in diagram) is a multi-disc clutch 
(second clutch) C2 that has an hydraulic servo 12, friction plates 72, clutch drum 23, 
and a hub unit 24 linked to a carrier CR2. 

[0100] Oil chamber "a" of hydraulic servo 12 is connected to an oil line 2b which 
is formed on the above-mentioned input shaft 2, and this oil line 2b is connected to the 
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oil line 93 In the boss 3b which is also formed as a sleeve around the input shaft 2. This 
oil line 93 is connected to an oil pressure control unit, not illustrated. Thus, an oil line 
from the oil pressure control unit is connected to the oil chamber "a" of the hydraulic 
servo 12 simply by providing one set of seal rings 82 between the input shaft 2 and the 
drum 23. 

[0101] The inner circumferential surface of a front portion of drum 23 is splined 
to the friction plates 72 of the clutch C2 which is operated by the hydraulic servo 12. 
The friction plates 72 of this clutch C2 are intermeshed with friction plates splined to the 
hub unit 24, and this hub unit 24 is connected to the side plate of the carrier CR2. 
Radially outward of the planetary gear unit PU is a multi-disc brake (second brake) B2 
that has an hydraulic servo 15, friction plates 75, and a hub unit 28. The side plate of 
the carrier CR2 of this planetary gear unit PU is connected to a hub unit 28 to which are 
splined the friction plates 75 of the above-mentioned brake B2. This hub unit 28 is also 
connected to the inner race of a one-way clutch F1 . The ring gear R3 meshes with the 
long pinion PL of carrier CR2, has one end connected to a linking member 27, and is 
linked to the counter gear 5 via this linking member 27. 

[0102] As described above, the second planetary gear unit PR, the clutch CI 
and the clutch C3 are located at one axial end of the first planetary gear unit PU and the 
clutch C2 is located on the opposite axial side. The counter gear 5 is located between 
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the second planetary gear unit PR and the first planetary gear unit PU. Further, the 
clutch C1 is disposed radially inward of the clutch C3, and, particularly, inward of a 
section of the transmitting member 30 that transmits the output thereof. Further, the 
brake B1 is located radially outward of the second planetary gear unit PR, and the brake 
B2 is located radially outward of the first planetary gear unit PU. 

[0103] Operations of automatic transmission 1^ will now be described, with 
reference to Fig. 1, Fig. 2, and Fig. 3 below. The vertical axes of the speed line diagram 
illustrated in Fig. 3 indicate the rotational speeds of each rotary component, and the 
horizontal axis indicates the corresponding gear ratio for these rotary components. In 
the planetary gear unit PU section of this speed line diagram, the vertical axis to the 
farthest right side of Fig. 3 corresponds to sun gear S3, and moving to the left within the 
diagram, the vertical axes correspond to the carrier CR2, the ring gear R3, and the sun 
gear S2. Further, in the second planetary gear unit PR section of this speed line 
diagram, the vertical axis to the farthest right side of Fig. 3 corresponds to sun gear S1 , 
and moving to the left within the diagram, the vertical axes correspond to the ring gear 
R1 and the carrier CR1 . Further, the widths between these vertical axes are inversely 
proportional to the number of teeth of each of the sun gears S1 , S2, S3, and to the 
number of teeth of each of the ring gears R1 . R3. The dotted horizontal line within the 
diagram represents the rotation transmitted by the transmitting member 30. 
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[0104] As illustrated In Fig. 1 , the rotation of Input shaft 2 Is Input to the sun gear 
S2, by engaging the clutch C1 . The rotation of Input shaft 2 is Input to the above- 
mentioned carrier CR2, by engaging the clutch C2, and this carrier CR2 can be fixed 
against rotation by engagement of brake B2. Further, the rotation Is limited to one 
direction by the one-way clutch F1 . The sun gear S3 can be fixed against rotation by 
engagement of the brake B1 . 

[0105] The above-mentioned sun gear SI Is connected to the Input shaft 2 so as 
to receive as input the rotation thereof. The carrier CR1 is fixed to the case 3 and, 
therefore the ring gear R1 rotates at a reduced speed. Further, by engaging the clutch 
C3, the reduced speed rotation of this ring gear R1 Is Input to the sun gear S3. 

[0106] Also, the rotation of the ring gear R3 Is output to the counter gear 5, and 
Is output to the drive wheels via this counter gear 5, a counter shaft unit not illustrated, 
and a differential unit. 

[0107] In first speed forward within D (drive) range, as Illustrated in Fig. 2, the 
clutch C1 and the one-way clutch F1 are engaged. Then, as Illustrated in Fig. 3, the 
rotation of input shaft 2 is input to the sun gear S2 via the clutch CI , and the rotation of 
the carrier CR2 is limited to one direction (the fonA/ard rotation direction). Further, the 
rotation of input shaft 2 that is Input to the sun gear S2 Is output to the ring gear R3 via 
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the fixed carrier CR2, and the forward rotation for first speed forward is output from the 
counter gear 5. When downshifting (coasting), the brake B2 is engaged and carrier 
CR2 is thereby fixed, and the above-described state of first speed forward is maintained 
while preventing the forward rotation of carrier CR2. In this first speed forward, 
because the one-way clutch F1 allows only forward rotation of the carrier CR2, 
switching from a non-driving range to a driving range and achieving the first speed 
forward can be accomplished more smoothly by the automatic engaging of the one-way 
clutch. 

[0108] In second speed forward within the D (drive) range, as illustrated in Fig. 
2, the clutch C1 and the brake B1 are engaged. Then, as illustrated in Fig. 3, the 
rotation of input shaft 2 is input to the sun gear S2 via the clutch C1 , and the sun gear 
S3 is fixed by engagement of the brake B1 . By doing so, the carrier CR2 rotates at a 
slightly reduced speed, and the rotation of input shaft 2 that was input in the sun gear 
S2 is output to the ring gear R3 via the carrier CR2 at this reduced speed, and the 
forward rotation for second speed forward is output from the counter gear 5. 

[0109] In third speed forward within the D (drive) range, as illustrated in Fig. 2, 
the clutch CI and the clutch C3 are engaged. Then, as illustrated in Fig. 3, the rotation 
of input shaft 2 is input to the sun gear S2 via the clutch CI . Further, by the input of the 
rotation of the input shaft 2 to the sun gear SI and the fixed state of carrier CR1 , the 
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ring gear R1 is rotated at a reduced speed, and the reduced speed rotation of ring gear 
R1 is output to the sun gear S3 via the clutch C3 and the transmitting member 30. The 
carrier CR2 rotates at a speed slightly reduced as compared to that of sun gear S3 
because of the rotation of the input shaft 2 input to the sun gear S2 and the reduced 
speed of the sun gear S3. Further, the rotation of input shaft 2 that is input to the sun 
gear S2 is output to the ring gear R3 via the carrier CR2 at this reduced speed, and the 
forward rotation for third speed fonward is output from the counter gear 5. In this case, 
because the sun gear S3 and the ring gear R1 are rotating at a reduced speed, the 
above-mentioned transmitting member 30 transmits a relatively large torque. 

[01 10] In fourth speed forward within the D (drive) range, as illustrated in Fig. 2, 
the clutch CI and the clutch C2 are engaged. Then, as illustrated in Fig. 3, the rotation 
of input shaft 2 is input to the sun gear S2 via the clutch CI , and into the carrier CR2 via 
the clutch C2. Therefore, by input of the rotation of the input shaft 2 to the sun gear S2 
and the rotation of input shaft 2 input to the earner CR2, a state of directly coupled 
rotation is established wherein the rotation of the input shaft 2 is output as is to the ring 
gear R3, and the forward rotation for fourth speed forward is output from the counter 
gear 5. 

[01 1 1] In fifth speed forward within the D (drive) range, as illustrated in Fig. 2, 
the clutch C2 and the clutch C3 are engaged. Then, as illustrated in Fig. 3, the rotation 
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of input shaft 2 Is input to the carrier CR2 via the clutch C2. Further, by input of the 
rotation of the input shaft 2 to the sun gear S1 and the fixed state of carrier CR1 , the 
ring gear R1 rotates at a reduced speed, and the reduced speed rotation of this ring 
gear R1 is output to the sun gear S3 via the clutch C3 and the above-mentioned 
transmitting member 30. Overdrive rotation is output to the ring gear R3 from the sun 
gear S3 and the carrier CR2, and the fonvard rotation for fifth speed forward is output 
from the counter gear 5. In this case, similar to the above-mentioned case of third 
speed forward, due to rotation of the sun gear S3 and the ring gear R1 at a reduced 
speed, the above-mentioned transmitting member 30 transmits a relatively large torque. 

[01 12] In sixth speed forward within the D (drive) range, as illustrated in Fig. 2, 
the clutch C2 and the brake B1 are engaged. Then, as illustrated in Fig. 3, the rotation 
of the input shaft 2 is input to the carrier CR2 via the clutch C2, and the sun gear S3 is 
fixed by engagement of the brake B2. This produces overdrive rotation (greater than 
that of the above-mentioned fifth speed forward), from the rotation of the input shaft 2 
input to the carrier CR2 and the fixed state of sun gear S3, which overdrive rotation is 
output to the ring gear R3, and the forward rotation for sixth speed foPA/ard is output 
from the counter gear 5. 

[01 13] In first speed reverse within an R (reverse) range, as illustrated in Fig. 2, 
the clutch C3 and the brake B2 are engaged. Then, as illustrated in Fig. 3, the ring gear 
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R1 rotates at reduced speed based on the rotation of input shaft 2 input to the sun gear 
S1 and the fixed state of carrier CR1 , and the reduced speed of this ring gear R1 is 
output to the sun gear S3 via the clutch C3 and the above-mentioned transmitting 
member 30. Further, the carrier CR2 is fixed by engaging the brake B2. Then, the 
reduced speed rotation of the sun gear S3, with carrier CR2 fixed, is output to the ring 
gear R3 as reverse rotation and is output as first speed reverse from the counter gear 5. 
In this case, similar to the case of the above-mentioned third speed forward or fifth 
speed forward, since the sun gear S3 and the ring gear R1 are rotating at a reduced 
speed, the above-mentioned transmitting member 30 transmits a relatively large torque. 

[0114] In the P (parking) range and the N (neutral) range, clutch CI , clutch C2, 
and clutch C3 are released, the input shaft 2 is disconnected from the the counter gear 
5, and the automatic transmission 1 ^ as a whole is in an idle state (neutral state). 

[0115] As described above, in the automatic transmission 1-, of the present 
invention, due to the location of the secondary planetary gear unit PR and the clutch CI 
on one axial side of the first planetary gear unit PU, and the clutch C2 being located on 
the other axial side of the planetary gear unit PU, the second planetary gear unit PR 
and the first planetary gear unit PU can be arranged more closely together, as 
compared to the case wherein for example two clutches CI and C2 are located 
between the second planetary gear unit PR and the first planetary gear unit PU, and the 
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transmitting member 30 for transmitting reduced speed rotation can be relatively 
shorter. In this manner, the automatic transmission can be made more compact and 
lightweight. Further, because the inertia (inertial force) can be reduced, the 
controllability of the automatic transmission can be increased, and the occurrence of 
speed change shock can be reduced. Further, compared to the case wherein three 
clutches C1 , C2, C3 are located on one side of the first planetary gear unit PU, the oil 
lines (for example, 2a, 2b, 91, 92, 93), that supply the hydraulic servos 11,12, and 13 of 
these clutches CI , C2, C3, are more easily constructed, the manufacturing process is 
simplified and the cost is reduced. 

[01 16] Further, due to the hydraulic servos 1 1 and 12 being provided on the 
input shaft 2, one set of seal rings 81 and 82 serves to form a connection with the oil 
lines 2a and 2b provided within input shaft 2, and therefore oil can be supplied to the oil 
chamber "a" of the hydraulic servos 11 and 12 without providing seal rings between, for 
example, the input shaft 2 and the hydraulic servos 1 1 and 12. Further, the hydraulic 
servo 13 can receive a supply of oil directly from the boss 3a, i.e. without passing 
through other units, merely by providing one set of seal rings 80. Therefore, the 
hydraulic servos can be connected to the oil supply simply by providing one set of seal 
rings 81 and 82, 80 each for each of the hydraulic servos 11,12, and 13, sliding 
resistance from the seal rings can be minimized, and therefore the efficiency of the 
automatic transmission can be improved. 
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[01 17] Further, since the clutch CI is located radially inward of the clutch C3, the 
clutch C3, which must transmit a relatively large torque in order to transmit the reduced 
speed rotation, can be located at the outer side and therefore this clutch C3 and its 
hydraulic servo 13 operator can have an increased diameter. Thus, the pressure- 
receiving area of the oil chamber "a" of the hydraulic servo 13 can be enlarged, and the 
torque transmission capacity of this clutch C3 can be increased. By designing the 
clutch CI to have a smaller torque transmission capacity as compared to the clutch C3, 
the automatic transmission can be made more compact. 

[01 1 8] Further, because the counter gear 5 is located axially between the first 
planetary gear unit PU and the second planetary gear unit PR, the counter gear 5 can 
be located in approximately the axial center of the automatic transmission. Thus, for 
example, when the automatic transmission is mounted on the vehicle, enlargement 
toward the rear (when the side which receives input from the drive source is the "front") 
is not necessary because the counter gear 5 is mounted to mate the drive wheel 
transmission device. Because of this, particularly in the case of a FF vehicle, 
interference with the front wheels is reduced, and the steering angle can be greatly 
increased, for example. 

[01 1 9] The automatic transmission 1 ^ of the first embodiment is directly coupled 
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in fourth speed forward. Therefore, at fifth speed forward and sixth speed fon^/ard, the 
gear ratio can be a higher ratio and, when the vehicle is running at a high speed, the 
engine speed can be relatively lower, which allows the vehicle to run more quietly at a 
high speed. 

Second Embodiment 

[0120] A second embodiment, which is a partial modification of the first 
embodiment, will now be described, with reference to Fig. 4 which shows an automatic 
transmission I2 as having its input and output sides reversed from the automatic 
transmission 1 ^ of the first embodiment. Further, the operations of the first through sixth 
foHA/ard speeds and the first reverse speed of 1 2 of the second embodiment are similar 
to those of the automatic transmission 1^ of the first embodiment (see Fig. 2 and Fig. 3). 
Components of the second embodiment that are the same as those of the first 
embodiment are denoted by the same reference numerals, and description thereof 
omitted, except for those components partially modified. 

[0121] As with the first embodiment, in this second embodiment, due to the 
second planetary gear unit PR and the clutch CI being located on one side of the first 
planetary gear unit PU, and the clutch C2 being located on the other axial side of the 
planetary gear unit PU, the second planetary gear unit PR and the first planetary gear 
unit PU can be placed more closely together, as compared to the case wherein, for 
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example, the two clutches C1 and C2 are located between the second planetary gear 
unit PR and the first planetary gear unit PL). Thus, the transmitting member 30 which 
transmits the reduced speed rotation can be relatively shorter. By doing so, the 
automatic transmission can be made more compact and more lightweight. Further, 
because the inertia (Inertlal force) can be reduced, the controllability of the automatic 
transmission can be increased, and the occurrence of speed change shock can be 
reduced. Further, compared to the case where three clutches C1 , C2, C3 are located 
on one side of the first planetary gear unit PU, the oil lines (for example, 2a, 2b, 91, 92, 
93) that supply the hydraulic servos 11,12, and 13 of these clutches CI , C2, C3 can be 
more easily constructed, the manufacturing process can be simplified, and the costs 
brought down. 

[0122] Further, since the hydraulic servos 11 and 12 are mounted on the input 
shaft 2, one set of seal rings 81 and 82 serves to seal the case 3 and to establish a 
connection with the oil lines 2a and 2b within input shaft 2, and therefore oil can be 
supplied to the oil chambers "a" of the hydraulic servos 1 1 and 12 without providing seal 
rings between, for example, the input shaft 2 and the hydraulic servos 1 1 and 12. 
Further, hydraulic servo 13 can receive a supply of oil directly from the boss unit 3a, i.e. 
without that supply passing through other units, for example, by provision of one set of 
seal rings 80. Therefore, the oil supply can be connected by provision of one set of seal 
rings 81 and 82, 80, respectively, for each of the hydraulic servos 11,12, and 13, sliding 
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resistance from the seal rings can be minimized, and accordingly, the efficiency of the 
automatic transmission can be improved. 

[0123] As in the first embodiment, because the clutch C1 is located radially 
inward of the clutch C3, the clutch C3, which must transmit a relatively large torque in 
order to transmit the reduced speed rotation, can be arranged at the outer 
circumference. Therefore, this clutch C3 and its pressure servo 13 can have an 
increased diameter, the pressure-receiving area of its oil chamber can be enlarged, 
and its torque transmission capacity can be increased. Again, by designing the clutch 
C1 to have a smaller torque transmission capacity as compared to the clutch C3, the 
automatic transmission can be made more compact. 

[0124] Further, because the counter gear 5 is located axially between the first 
planetary gear unit PU and the second planetary gear unit PR, the counter gear 5 can 
be located in approximately the axial center of the automatic transmission. With this 
second embodiment also, enlargement toward the rear (when the end which receives 
input from the drive source is the "front") is not necessary because the counter gear 5 is 
mounted to mate with the drive wheel transmission device. Because of this, particularly 
in the case of a FF vehicle, interference with the front wheels is reduced, mountability 
on a vehicle is improved, and the steering angle is greatly increased. 
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[0125] Further, the automatic transmission I2 according to the second 
embodiment is directly coupled in fourth speed fonA^ard. Therefore, at fifth speed 
forward and sixth speed forward, the gear ratio can be a high ratio, and when the 
vehicle is running at a high speed, the engine speed can be relatively less, thus allowing 
the vehicle to run more quietly at a high speed. 

Third Embodiment 

[0126] A third embodiment, which is a partial modification of the first 
embodiment, will now be described with reference to Fig. 5 through Fig. 7. Components 
of the third embodiment that are the same as the first embodiment are denoted by the 
same reference numerals, and description thereof omitted, except for those 
components partially modified. 

[0127] As shown in Fig. 5, the automatic transmission I3 of the third embodiment 
is modified with respect to the configuration of the second planetary gear unit PR and 
the clutch C3, as compared to the automatic transmission 1-, of the automatic 
transmission of the first embodiment (see Fig. 1 ). 

[0128] In this automatic transmission I3, the clutch C3 is located on the 
planetary gear unit PU side (left side of diagram) of the second planetary gear unit PR. 
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The inner circumferential surface of a front portion of the drum 25 of clutch C3 is splined 
to the friction plates 73 which are intermeshed with friction plates splined to the hub unit 
26. Further, the drum 25 is connected to the input shaft 2, and the hub unit 26 is 
connected to the sun gear S1 . 

[0129] The side plate of the carrier CR1 is fixed to and supported by the case 3. 
Also, the ring gear R1 is connected to the transmitting member 30, and the outer 
circumferential surface of the transmitting member 30 is splined to the friction plates 74 
of the brake B1 , and this transmitting member 30 is connected to the sun gear S3. 

[0130] The oil chamber of hydraulic servo 13 for the clutch C3 is connected to an 
oil line 2c which is formed in parallel with oil line 2a on the above-mentioned input shaft 
2, and this oil line 2c is connected to the oil line 92 of the boss 3a which, in turn, is 
connected to an oil pressure control unit, not illustrated. In other words, because the 
hydraulic servos 1 1 and 13 are mounted on input shaft 2, oil supply from the oil 
pressure control unit, not illustrated, to their oil chambers can be connected simply by 
providing seal rings 81 between the boss 3a of and the input shaft 2. 

[0131] Operations of the automatic transmission I3 of the third embodiment will 
now be described below, with reference to Fig. 5, Fig. 6, and Fig. 7. Similar to the first 
embodiment, the vertical axes of the speed line diagram in Fig. 7 indicate the speed of 
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. each rotary component, and the horizontal axis indicates the corresponding gear ratio of 
the rotary components. In the planetary gear unit PU section of this speed line diagram, 
the vertical axis to the farthest right side of Fig. 7 corresponds to the sun gear S3, and 
moving to the left within the diagram, the vertical axes correspond to the carrier CR2, 
the ring gear R3, and the sun gear S2. In the planetary gear unit PR section of this 
speed line diagram, the vertical axis to the farthest right side of Fig. 7 corresponds to 
the sun gear S1, and moving to the left within the diagram, the vertical axes correspond 
to the ring gear R1 and the carrier CR1 . Further, the widths between these vertical 
axes are inversely proportional to the number of teeth of each of the sun gears S1 , S2, 
S3, and to the number of teeth of each of the ring gears R1 , R3. Also, the horizontal 
dotted line in the diagram represents the rotation transmitted by the transmitting 
member 30. 

[0132] As Fig. 5 illustrates, the rotation of input shaft 2 is input to the sun gear 
SI by engaging the clutch C3. Further, the carrier CR1 is fixed to the case 3, and the 
ring gear R1 rotates at a reduced speed based on the rotation of input shaft 2 which is 
input to this sun gear S1 . In other words, by engaging the clutch C3 the reduced speed 
rotation of the ring gear R1 is input to the sun gear S3 via the transmitting member 30. 

[0133] In this manner, as illustrated in Fig. 6 and Fig. 7, regarding the second 
planetary gear unit PR, in third speed fonA/ard, fifth speed forward, and first speed 
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reverse, the rotation of the input shaft 2 is input to the sun gear S1 by engaging the 
clutch C3, and the reduced speed rotation is output to the ring gear R3 through the fixed 
carrier CR1 , to the sun gear S3 via the transmitting member 30. In this case, because 
the ring gear R1 and the sun gear S3 are rotating at a reduced speed, the transmitting 
member 30 transmits a relatively large torque. On the other hand, in first speed 
forward, second speed forward, fourth speed fonA^ard, and sixth speed fonA/ard, the 
rotation of the sun gear S3 is input to the ring gear R1 via the transmitting member 30, 
and further, because the clutch C3 is released, as Fig. 7 illustrates, the sun gear S1 
rotates based on the rotation of ring gear R1 and the fixed state of carrier CR1 . 

[0134] The operations other than described above for the second planetary gear 
unit PR are similar to those previously described for the first embodiment (see Fig. 2 
and Fig. 3), and accordingly description thereof will be omitted here. 

[0135] As described above, in the automatic transmission I3 of this third 
embodiment, due to the second planetary gear unit PR and the clutch CI being located 
on one axial side of the first planetary gear unit PU, and the clutch C2 being located on 
the other side of the first planetary gear unit PU, the second planetary gear unit PR and 
the first planetary gear unit PU can be placed more closely together, compared to the 
case wherein, for example, two clutches C1 and C2 are located between the second 
planetary gear unit PR and the first planetary gear unit PU, and therefore the 
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transmitting member 30 can be made relatively shorter. In this manner, the automatic 
transmission can be made more compact and more lightweight. Further, because the 
inertia (inertial force) is reduced, the controllability of the automatic transmission is 
increased, and the occurrence of speed change shock can be reduced. Further, 
compared to the case wherein three clutches C1 , C2, C3 are located on one side of the 
first planetary gear unit PU, the oil lines (for example, 2a, 2b, 91 , 92, 93) that supply the 
hydraulic servos 11,12, and 13 of these clutches CI, C2, C3 can be more easily 
constructed, the manufacturing process can be simplified, and the costs can be 
reduced. 

[0136] Further, due to mounting the hydraulic servos 11,12, and 13 on the input 
shaft 2, the seal rings 81 and 82 can seal the bosses 3a and 3b to the input shaft 2 to 
connect the oil lines 2a and 2b, 2c provided within input shaft 2, to the oil chambers of 
hydraulic servos 11,12, and 13 without providing the seal rings between, for example, 
the input shaft 2 and the hydraulic servos 11,12, and 13. Therefore, the oil supply can 
be connected simply by providing the seal rings 81 and 82 for each of the hydraulic 
servos 11.12, and 13, sliding resistance from the seal rings can be minimized, and 
therefore the efficiency of the automatic transmission can be improved. 

[0137] Further, because the counter gear 5 is located between the first planetary 
gear unit PU and the second planetary gear unit PR, the counter gear 5 can be located 
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in approximately the axial center of the automatic transmission. For example, 
enlargement towards the rear (when the input side facing the drive source Is the "front") 
is not necessary because the counter gear 5 is mounted to mate with the drive wheel 
transmission device. Because of this, particularly in the case of an FF vehicle, the 
interference with the front wheels is reduced, the mountability on a vehicle can be 
improved, and the steering angle can be greatly increased, for example. 

[0138] In transmissions where the clutch C3 is placed between the ring gear R1 
and the sun gear S3 for example, the clutch must engage and disengage the high 
torque, reduced speed rotation, and therefore must be relatively large. However, in the 
present invention, by placing clutch C3 between the input shaft 2 and the sun gear S1 , 
the engaging and disengaging of the clutch C3 controls the transfer of rotation of the 
input shaft 2 to the sun gear and thereby indirectly controls output of the reduced speed 
rotation from the ring gear R1 . Therefore, the clutch C3 can be made more compact, 
and therefore the automatic transmission can be made more compact. 

[0139] Further, the automatic transmission I3 according to this third embodiment 
is directly coupled in fourth speed forward. Therefore, in fifth speed forward and sixth 
speed fonward, the gear ratio can be a high ratio, and in the event that the vehicle is 
running at a high speed, the engine speed can be lower, thus allowing the vehicle to run 
more quietly at a high speed. 
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Fourth Embodiment 

[0140] The fourth embodiment, which is a partial modification of the first 
embodiment, will now be described with reference to Fig. 8 through Fig. 10. 
Components of the fourth embodiment which are the same as those of the first 
embodiment are denoted by the same reference numerals, and description thereof 
omitted, except for partially modified components. 

[0141] As Fig. 8 illustrates, the automatic transmission I4 of the fourth 
embodiment has a brake (third brake) B3 instead of the clutch C3, and the carrier CR1 
of the second planetary gear unit PR can be fixed by the brake B3. 

[0142] The brake B3 is located on the side of the second planetary gear unit PR 
(right side of diagram) opposite the first planetary gear unit PU. This brake 83 has a 
hydraulic servo 16, friction plates 76, and a hub unit 33. 

[0143] The hub unit 33 of this brake 83 is connected to one side plate of the 
carrier CR1 , and this carrier CR1 i.s rotatably supported by the boss 3a or the input shaft 
2. The sun gear SI is connected to the input shaft 2 and the friction plates 74 of the 
brake 81 are splined to the outer circumferential surface of the ring gear R1 . This ring 
gear R1 is connected to the sun gear S3 via transmitting member 30. 
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[0144] Operations of the automatic transmission I4 of the fourth embodiment will 
now be described below, with reference to Fig. 8, Fig. 9, and Fig. 10. As with the 
above-described first embodiment, the vertical axes of the speed line diagram illustrated 
in Fig. 10 indicate the speeds of the various rotary components, and the horizontal axis 
indicates the corresponding gear ratios of these rotary components. Regarding the first 
planetary gear unit PU section of this speed line diagram, the vertical axis to the farthest 
right side of Fig. 10 corresponds to sun gear S3, and moving to the left within the 
diagram, the vertical axes correspond to the carrier CR2, the ring gear R2, and the sun 
gear S2. Regarding the second planetary gear unit PR section of this speed line 
diagram, the vertical axis to the farthest right side of Fig. 10 corresponds to sun gear 
SI , and moving to the left within the diagram, the vertical axes correspond to the ring 
gear R1 and the carrier CR1 . Further, the widths between these vertical axes are 
inversely proportional to the number of teeth of each of the sun gears SI , S2, S3, and to 
the number of teeth of each of the ring gears R1 , R3. Also, the dotted horizontal line in 
the diagram represents the rotation transmitted by the transmitting member 30. 

[0145] As Fig. 8 illustrates, the carrier CR1 is fixed to the case 3 by engagement 
of the brake B3, whereby the rotation of the input shaft 2 is input to the sun gear SI , 
and the ring gear R1 rotates a reduced speed, based on the rotation of input shaft 2 
input to the sun gear S1 and the braking of the carrier CR1 . By engaging the brake 83, 
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the reduced speed rotation of the ring gear R1 is also Input to the sun gear S3 via the 
transmitting member 30. 

[0146] As Fig. 9 and Fig. 10 illustrate, in the second planetary gear unit PR in 
third speed fonward, fifth speed forward, and first speed reverse, the rotation of the input 
shaft 2 is input to the sun gear SI by engagement of the brake B3 to fix the carrier CR1 , 
and the reduced speed rotation is output to the ring gear R3 by the input of rotation to 
the sun gear SI from the input shaft 2, and this reduced speed rotation is Input to the 
sun gear S3 via the transmitting member 30. In this case, the ring gear R1 and the sun 
gear S3 are rotating at reduced speed, and therefore the transmitting member 30 
transmits a relatively large torque. On the other hand, in first speed forward, second 
speed forward, fourth speed fonA^ard, and sixth speed forward, the rotation of the sun 
gear S3 is input to the ring gear R1 via the transmitting member 30, and further, 
because the brake B3 is released, as Fig. 10 illustrates, the carrier CR1 rotates at a 
speed based on the speed of the ring gear R1 and of the sun gear SI . 

[0147] The operations of the third embodiment, other than those of the planetary 
gear unit PR mentioned above, are similar to those of the above-described first 
embodiment (see Fig. 2 and Fig. 3), and, accordingly, description thereof will be 
omitted. 
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[0148] In the automatic transmission I3 of the third embodiment, due to the 
second planetary gear unit PR and the clutch C1 being located on one side of the first 
planetary gear unit PU, and the clutch C2 being on its other side, the second planetary 
gear unit PR and the first planetary gear unit PU can be located more closely together 
as compared to the case wherein, for example, two clutches C1 and C2 are located 
between the second planetary gear unit PR and the first planetary gear unit PU, and the 
transmitting member 30 which transmits the reduced speed rotation can be made 
relatively shorter. By doing so, the automatic transmission can be made more compact 
and more lightweight. Further, because the inertia (inertial force) can be reduced, the 
controllability of the automatic transmission can be increased, and the occurrence of 
speed change shock can be reduced. 

[0149] Further, since the hydraulic servos 1 1 and 12 are mounted on the input 
shaft 2, the seal rings 81 and 82 form seals between the case 3 and the oil lines 2a and 
2b provided within input shaft 2, and therefore oil can be supplied to the oil chambers of 
hydraulic servos 1 1 and 12 without providing seal rings between, for example, the input 
shaft 2 and the hydraulic servos 1 1 and 12. Therefore, the oil supply can be connected 
simply by providing seal rings (81 and 82) for each of the hydraulic servos 1 1 and 12, 
sliding resistance from the seal rings can be minimized, and therefore the efficiency of 
the automatic transmission can be improved. 
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[0150] Further, because the counter gear 5 is located axially between the 
planetary gear unit PU and the planetary gear unit PR, the counter gear 5 can be 
located in approximately the axial center of the automatic transmission. Thus, 
enlargement towards the rear (when the side which receives input from the drive source 
is the "front") is not necessary because the counter gear 5 is mounted to mate with the 
drive wheel transmission device. Because of this, particularly in the case of a FF 
vehicle, interference with the front wheels is reduced, mountability on a vehicle is 
improved, and the steering angle is greatly increased, for example. 

[0151] Further, because the reduced speed rotation output to the first planetary 
gear unit PU from the second planetary gear unit PR is controlled by selective 
engagement of the brake B3, the number of parts (for example, drum-shaped members 
and so forth) can be reduced compared to the case wherein, for example, a clutch C3 is 
provided. Further, the brake B3 can receive oil supply directly from the case 3, and 
therefore the configuration of the oil line can be simplified as compared to embodiments 
having a clutch C3. 

[0152] The automatic transmission I4 according to this fourth embodiment is 
directly coupled in fourth speed forward. Therefore, in fifth speed forward and sixth 
speed forward, the gear ratio can be a high ratio, and particularly when the vehicle is 
running at a high speed, the engine speed can be lower, thus allowing the vehicle to run 
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more quietly at high speed. 
Fifth Embodiment 

[0153] The fifth embodiment, which is a partial modification of the first 
embodiment, will be described below, with reference to Fig. 11 in an abbreviated 
manner, using the same reference numerals for components that are the same as in the 
first embodiment. 

[0154] As Fig. 11 illustrates, the automatic transmission I5 of the fifth 
embodiment has the configuration of the second planetary gear unit PR and the clutch 
C3 modified relative to that the automatic transmission 1 ^ of the first embodiment (see 
Fig. 1 ), and further, a brake B3 is provided to fix the carrier CR1 of the second planetary 
gear unit PR. 

[0155] In this fifth embodiment, the clutch C3 is located on the first planetary 
gear unit PU side (left side of diagram) of the second planetary gear unit PR, and the 
brake B3 is on the other side of the second planetary gear unit PR, opposite the first 
planetary gear unit PU. The inner circumferential surface of a front portion of the drum 
25 of clutch C3 is splined to the friction plates 73, which are intermeshed with friction 
plates splined to the hub unit 26. Further, the drum 25 is connected to the input shaft 2, 
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and the hub unit 26 is connected to the sun gear S1 . 

[0156] The brake B3 is on the side of the second planetary gear unit PR (right 
side of diagram) opposite the first planetary gear unit PU. This brake B3 comprises a 
hydraulic servo 16, friction plates 76, and a hub unit 33. The friction plates 76 are 
splined to the outer circumferential surface of the hub unit 33, and the hub unit 33 is 
connected to one side plate of the carrier CR1 . Carrier CR1 is rotatably supported by 
the input shaft 2 or the boss 3a. The friction plates 74 of the brake B1 are splined to the 
outer circumferential surface of the ring gear R1 , and this ring gear R1 is connected to 
the sun gear S3 via transmitting member 30. 

[0157] The oil chamber of hydraulic servo 13 for the clutch C3 is connected to an 
oil line 2c which is formed in parallel with oil line 2a on the above-mentioned input shaft 
2, and this oil line 2c is connected to the oil line 92 of the boss 3a of the case 3. 
Further, this oil line 92 is connected to an oil pressure control unit, not illustrated. In 
other words, because the hydraulic servos 1 1 and 13 are mounted on input shaft 2, an 
oil line from the oil pressure control unit, not illustrated, is connected to the oil chambers 
of the hydraulic servos 1 1 and 13 simply by providing seal rings 81 between the boss 3a 
and the input shaft 2. 

[0158] Operations of the automatic transmission I5 of the fifth embodiment will 



50 



AW02-0861-1US 



now be described below, with reference to Fig. 1 1 , and, because the fifth embodiment is 
similar to the first embodiment, with reference to the engagement chart and the speed 
line diagram for the first embodiment (see Fig. 2 and Fig. 3). 

[0159] As Fig. 1 1 illustrates, the rotation of input shaft 2 is input to the sun gear 
SI by engaging the clutch C3. Further, the carrier CR1 is fixed to the case 3 by 
engagement of the brake B3. Therefore, upon engagement of the clutch C3 and the 
brake B3, the ring gear R1 will rotate at a reduced speed based on the rotation of Input 
shaft 2 which is input to sun gear SI . In other words, by engaging the clutch C3 and the 
brake B3, the reduced speed rotation of the ring gear R1 is input to the sun gear S3 via 
the transmitting member 30. 

[0160] By doing so, as Fig. 2 and Fig. 3 illustrate, regarding the second 
planetary gear unit PR, In third speed fon^/ard, fifth speed forward, and first speed 
reverse, the rotation of the input shaft 2 is input to the sun gear SI by engaging the 
clutch C3, and further, the carrier CR1 is fixed by engagement of the brake B3, and 
therefore the reduced speed rotation is output to the ring gear R3 through the fixed 
carrier CR1 , and from the ring gear R3 to the sun gear S3 via the transmitting member 
30. Because the ring gear R1 and the sun gear S3 are rotating at a reduced speed, the 
transmitting member 30 transmits a relatively large torque. In first speed fonward, 
second speed forward, fourth speed forward, and sixth speed fonward, the rotation of 
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the sun gear S3 is input to the ring gear R1 via the transmitting member 30, but 
because the clutch C3 and the brake B3 are released, the carrier CR1 and the sun gear 
S1 freely rotate. 

[0161] Operations of the fifth embodiment, other than those of the second 
planetary gear unit PR, are similar to those of the first embodiment (see Fig. 2 and Fig. 
3), and accordingly description thereof will not be repeated here. 

[0162] As described above, in the automatic transmission I5 of the present 
invention, due to location of the second planetary gear unit PR and the clutch CI on 
one side of the first planetary gear unit PU, and the clutch C2 being located on the other 
side of the first planetary gear unit PU, the second planetary gear unit PR and the first 
planetary gear unit PU can be located more closely together, as compared to a 
transmission wherein, for example, two clutches C1 and C2 are located between the 
second planetary gear unit PR and the first planetary gear unit PU, and the transmitting 
member 30 can be made relatively shorter. Thus, the automatic transmission can be 
made compact and more lightweight. Further, because the inertia (inertial force) is 
reduced, the controllability of the automatic transmission is increased, and the 
occurrence of speed change shock is reduced. Further, compared a transmission 
wherein three clutches C1, C2, C3 are located on one side of the first planetary gear 
unit PU, the oil lines (for example, 2a, 2b, 91, 92. 93) that supply the hydraulic servos 
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11,12, and 13 of these clutches CI , C2, C3 can be more easily constructed, the 
manufacturing process can be simplified and the costs can be reduced. 

[0163] Further, since the hydraulic servos 11,12, and 13 are mounted on the 
input shaft 2, the seal rings 81 and 82 serve to connect oil supply from the case 3 to the 
oil lines 2a and 2b, 2c provided within input shaft 2. and therefore oil can be supplied to 
the oil chambers of hydraulic servos 11,12, and 13 without providing the seal rings 
between, for example, the input shaft 2 and the hydraulic servos 11, 12, and 13. 
Therefore, sliding resistance from the seal rings can be minimized, and the efficiency of 
the automatic transmission can be improved. 

[0164] Further, due to the counter gear 5 being located between the first 
planetary gear unit PU and the second planetary gear unit PR, the counter gear 5 can 
be located in approximately the axial center of the automatic transmission. For 
example, when the automatic transmission is mounted on a vehicle, enlargement 
towards the rear (when the input side facing the drive source is the "front") is not 
necessary because the counter gear 5 is mounted to mate with the drive wheel 
transmission device. Because of this, particularly in the case of a FF vehicle, 
interference with the front wheels is reduced, mountability on a vehicle is improved, and 
the steering angle is greatly increased. 
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[0165] Again, where the clutch C3 is placed between the ring gear R1 and the 
sun gear S3, it must be sufTiciently large to transmit the high torque, reduced speed 
rotation, but by placing the clutch C3 between the input shaft 2 and the sun gear S1 it 
can indirectly control output of reduced speed rotation from the ring gear R1 of the 
second planetary gear unit PR, and therefore can be made more compact, and likewise 
the automatic transmission can be made more compact. 

[0166] Further, the automatic transmission I5 according to the fifth embodiment 
is directly coupled in fourth speed forward. Therefore, in fifth speed forward and sixth 
speed forward, the gear ratio can be a high ratio, and particularly when the vehicle is 
running at a high speed, the engine speed can be lower, thereby allowing the vehicle to 
run more quietly at a high speed. 

Sixth Embodiment 

[0167] A sixth embodiment, which is a partial modification of the first 
embodiment, will now be described with reference to Fig. 12. Components of the sixth 
embodiment which are the same as those of the first embodiment are denoted by the 
same reference numerals, and description thereof omitted, except for those 
components partially modified. 
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[0168] As Fig. 12 illustrates, the automatic transmission Ig of the sixth 
embodiment has the clutch C2 located on the planetary gear unit PR side of the 
planetary gear unit PU, and the clutch CI is located on its other side or, in other words, 
the sixth embodiment has the positions of the clutch C1 and the clutch C2 switched as 
compared to that of the automatic transmission 1, of the first embodiment (see Fig. 1). 

[0169] This automatic transmission 1^ includes a multi-disc clutch C2 comprising 
a hydraulic servo 12, friction plates 72, a clutch drum 23, a hub unit 24 linked to a sun 
gear S2 radially inward of the input shaft 2, and a multi-disc clutch C3 comprising a 
hydraulic servo 13, friction plates 73, a clutch drum 25, and a hub unit 24 linked to a 
sun gear S2 at the outer circumference. The automatic transmission further includes a 
multi-disc brake B1 comprising a hydraulic servo 14 and friction plates 74. 

[0170] The drum 23 is connected to the input shaft 2, and the inner 
circumferential surface of a front portion is splined to the friction plates 72 of the clutch 
C2 which can be engaged by the hydraulic servo 12, and the friction plates 72 are 
intermeshed with friction plates splined to the hub unit 24. Further, this hub unit 24 is 
connected to the above-mentioned carrier CR2. 

[0171] At the other end of the input shaft 2 (left side of the diagram) is a multi- 
disc clutch CI comprising a hydraulic servo 11, friction plates 71, a clutch drum 21, and 
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a hub unit 22 linked to a sun gear S2. 

[0172] The inner circumferential surface of the front portion of this drum 21 is 
splined to the friction plates 71 of the clutch CI that can be engaged by operation of the 
hydraulic servo 11. The friction plates 71 are intermeshed with friction plates splined to 
the hub unit 22 which is connected to the sun gear S2. 

[0173] The operations of the automatic transmission 1^ of the sixth embodiment 
are similar to those of the first embodiment (see Fig. 2 and Fig. 3), and accordingly 
description thereof will be omitted here. 

[0174] In the automatic transmission 1^ of this sixth embodiment, due to the 
second planetary gear unit PR and the clutch C2 being located on one side of the first 
planetary gear unit PU, and the clutch CI being located on the other side of the first 
planetary gear unit PU, the second planetary gear unit PR and the first planetary gear 
unit PU can be located more closely together, as compared to a transmission wherein, 
for example, two clutches CI and C2 are located between the second planetary gear 
unit PR and the first planetary gear unit PU, and the transmitting member 30 can be 
made relatively shorter. In this manner, the automatic transmission can be made more 
compact and more lightweight. Further, because the inertia (inertial force) can be 
reduced, the controllability of the automatic transmission can be increased, and the 
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occurrence of speed change shock can be reduced. Further, compared to a 
transmission wherein three clutches C1, C2, C3 are located on one side of the first 
planetary gear unit PU, the oil lines (for example, 2a, 2b, 91, 92, 93) that supply the 
hydraulic servos 11, 12, and 13 of these clutches C1, C2, C3 can be more easily 
constructed, the manufacturing process can be simplified, and the cost can be reduced. 

[0175] Further, since the hydraulic servos 1 1 and 12 are mounted on the input 
shaft 2, one set of seal rings (81 or 82) serve to form a oil supply connection between 
the oil lines 2a and 2b within input shaft 2 and the case 3, and therefore oil can be 
supplied to the oil chambers of hydraulic servos 1 1 and 12 without providing seal rings 
between, for example, the input shaft 2 and the hydraulic servos 1 1 and 12. Further, 
the hydraulic servo 13 can receive supply of oil directly from the boss 3a extended from 
the case 3, i.e., without passing through other parts, and therefore the oil supply can be 
connected by providing one set of seal rings 80. Therefore, sliding resistance from the 
seal rings can be minimized, and the efficiency of the automatic transmission can be 
improved. 

[0176] Since the clutch C2 is located radially inward of the clutch C3, the clutch 
C3, which must transmit relatively large torque, low speed rotation, can be located near 
the outer circumference, and this clutch C3 and its hydraulic servo 13 can have an 
increased diameter, a larger pressure-receiving area, and a larger torque transmission 
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capacity. Further, by giving the clutch C2 a smaller torque transmission capacity 
compared to the clutch C3, the automatic transmission can be made more compact. 

[0177] As with the previously described embodiments, because the counter gear 
5 is located axially between the first planetary gear unit PU and the second planetary 
gear unit PR, the counter gear 5 can be located in approximately the axial center of the 
automatic transmission. For example, when the automatic transmission is mounted on 
the vehicle, enlargement toward the rear (when the input side facing the drive source is 
the "front") is unnecessary because the counter gear 5 is mounted to mate with the 
drive wheel transmission device. Because of this, particularly in the case of a FF 
vehicle, interference with the front wheels is reduced, the mountability on a vehicle is 
improved, and the steering angle is greatly increased. 

[0178] Further, the clutch CI engages at the relatively slow to medium speeds of 
first speed fonA/ard, second speed forward, third speed fonA/ard, and fourth speed 
foHA/ard, and therefore when clutch CI is released at the relatively high speeds of fifth 
speed forward, sixth speed forward, or first speed reverse, the hub unit 22 that connects 
this clutch CI and the sun gear S2, in particular, rotates at a relatively high speed or in 
reverse (see Fig. 7). On the other hand, in fifth speed forward and first speed reverse 
the transmitting member 30 rotates at a reduced speed, and in sixth speed forward the 
transmitting member 30 may be fixed, and the difference in rotational speed between 
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the hub unit 22 and the transmitting member 30 can be great. However, because this 
clutch C1 is located on the side of the first planetary gear unit PU opposite the second 
planetary gear unit PR, the hub unit 22 and the transmitting member 30 can be spaced 
apart from one another. Compared with a transmission wherein these units are in 
contact due to a multi-axial configuration, decreased efficiency of the automatic 
transmission resulting from friction and so forth from the relative rotation of those units 
can be prevented. 

[0179] Further, the automatic transmission Ig according to the sixth embodiment 
is directly coupled in fourth speed forward. Therefore, in fifth speed forward and sixth 
speed forward, the gear ratio can be a high ratio, and particularly when the vehicle is 
running at a high speed, the engine speed can be lowered, allowing the vehicle to run 
more quietly at a high speed. 

[0180] The transmitting member which links the second planetary gear unit PR 
and the first planetary gear unit PU must be sufficiently rigid to withstand the reduced 
speed, high torque that it transmits. For example, a clutch that engages at a slow to 
medium speed or a clutch that engages and disengages for transmission of reduced 
speed rotation must have a large capacity, therefore a diameter appropriate for this 
capacity becomes necessary. Therefore, in the event that the transmitting (linking) 
member passes on the radially outer side of this type of clutch, an even larger diameter 
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for those clutches becomes necessary, the diameter of the transmitting member is 
enlarged more than necessary, and the radial dimension of the automatic transmission 
as a whole becomes greater. Accordingly, it is an object of this embodiment to reduce 
of the diameter, and thereby provide a more compact automatic transmission. 

[0181] In this sixth embodiment, all clutches can be arranged so as to avoid 
need for enlarging the diameter of the linking member, specifically by arranging a clutch 
C2 with a small capacity on the radially inward side of the transmitting member 30. 

Seventh Embodiment 

[0182] The seventh embodiment is a partial modification of the sixth embodiment 
and will be described with reference to Fig. 13. Components of the seventh 
embodiment which are the same as those of the sixth embodiment are denoted by the 
same reference numerals, and description thereof omitted here, except for those 
components which are partially modified. 

[0183] As Fig. 13 illustrates, the automatic transmission I7 of the seventh 
embodiment has a modified configuration of the second planetary gear unit PR, the 
clutch C2 and the clutch C3, as compared to the automatic transmission Ig of the sixth 
embodiment (see Fig. 12). 
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[0184] The clutch C2 and the clutch C3 are located on the side of the second 
planetary gear unit PR (right side of diagram) opposite the first planetary gear unit PL) 
within the automatic transmission I7. The inner circumferential surface of a front portion 
of the drum 25 of this clutch C3 is splined to the friction plates 73, which are 
intermeshed with friction plates splined to the hub unit 26. The drum 25 is connected to 
the input shaft 2, and the hub unit 26 is connected to the sun gear SI of the second 
planetary gear unit PR. The clutch C2 comprises a hydraulic servo 12, friction plates 
72, a drum 23, and a hub unit 24 and is located radially inward of the clutch C3, that is 
to say, clutch C2 is enclosed within the hub unit 26. 

[0185] On the other hand, radially outward of the second planetary gear unit PR 
is a multi-disc brake B1 that comprises a hydraulic servo 14 and friction plates 74. The 
side plate of the carrier CR1 of this second planetary gear unit PR is fixed to and 
supported by the case 3. Further, the ring gear R1 is connected to the sun gear S3 by 
the transmitting member 30, and the friction plates 74 of the brake B1 are splined to the 
outer circumferential surface of this transmitting member 30. 

[0186] The operations of the automatic transmission I7, of this seventh 
embodiment are similar to those of the third embodiment (see Fig. 6 and Fig. 7), and 
accordingly description thereof will be omitted here. 
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[0187] In the automatic transmission I7 of the seventh embodiment, due to the 
second planetary gear unit PR and the clutch C2 being located on one side of the first 
planetary gear unit PL), and the clutch C1 being located on the other side of the first 
planetary gear unit PL), the second planetary gear unit PR and the first planetary gear 
unit PU can be located more closely together, as compared to an embodiment wherein, 
for example, two clutches C1 and C2 are located between the second planetary gear 
unit PR and the first planetary gear unit PU, and the transmitting member 30 which 
transmits the reduced speed rotation can be made relatively shorter. In this manner, 
the automatic transmission can be made more compact and more lightweight. Further, 
because the inertia (inertial force) can be reduced, controllability of the automatic 
transmission can be increased, and the occurrence of speed change shock can be 
reduced. Further, compared to the case wherein three clutches C1 , C2, C3 are located 
on one side of the first planetary gear unit PU, the oil lines (for example, 2a, 2b, 91 , 92, 
93) that supply the hydraulic servos 11,12, and 13 of these clutches CI , C2, C3 can be 
more easily constructed, the manufacturing process can be simplified, and the cost can 
be reduced. 

[0188] Further, since the hydraulic servos 11 and 12 are mounted on the input 
shaft 2, one set of seal rings 81 and 82 serve to connect and the supply of oil from the 
case 3 to the oil lines 2a and 2b provided within input shaft 2, and therefore oil can be 
supplied to the oil chambers of hydraulic servos 1 1 and 12 without providing seal rings 
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between, for example, the input shaft 2 and the hydraulic servos 1 1 and 12. Further, 
the hydraulic servo 13 can be supplied with oil directly from the boss 3a extended from 
the case 3, i.e., without passing through other components, and therefore oil supply can 
be connected by providing one set of seal rings 80. Therefore, sliding resistance from 
the seal rings can be minimized, and efficiency of the automatic transmission can be 
improved. 

[0189] Further, since the counter gear 5 is located axially between the first 
planetary gear unit PU and the second planetary gear unit PR, the counter gear 5 can 
be located in approximately the axial center of the automatic transmission. In this 
embodiment also, enlargement toward the rear (when the input side facing the drive 
source is the "front") is not necessary because the counter gear 5 is mounted to mate 
with the drive wheel transmission device. Because of this, particularly in the case of a 
FF vehicle, interference with the front wheels is reduced, mountability on a vehicle is 
improved, and the steering angle is greatly increased. 

[0190] The clutch C1 engages at the relatively slow to medium speeds of first 
speed forward, second speed forward, third speed forward, and fourth speed forward, 
and therefore when this clutch CI is released at the relatively high speeds of fifth speed 
foHA/ard, sixth speed forward, or first speed reverse, in particular the hub unit 22 that 
connects clutch CI and the sun gear S2 rotates at a relatively high speed or in reverse 
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(see Fig. 7). On the other hand, in fifth speed fon/vard and first speed reverse the 
transmitting member 30 rotates at a reduced speed, and in sixth speed forward the 
transmitting member 30 can be engaged, whereby there can be a large difference in 
speed as between the hub unit 22 and the transmitting member 30. However, because 
clutch C1 is located on the side of the first planetary gear unit PU opposite the second 
planetary gear unit PR, the hub unit 22 and the transmitting member 30 can be spaced 
apart from one another. In comparison with a transmission wherein, for example, these 
members are in contact due to a multi-axial configuration, decreased efficiency of the 
automatic transmission resulting from friction and so forth from the relative rotation can 
be prevented. 

[0191] If the clutch C3 were to be placed between the ring gear R1 and the sun 
gear S3, for example, it must engage and disengage the reduced speed rotation, and 
therefore must be relatively large. However, by placing the clutch C3 between the input 
shaft 2 and the sun gear SI, the engaging and disengaging of the rotation of the input 
shaft 2 by clutch C3 indirectly controls output of the reduced rotation from the ring gear 
R1 of the second planetary gear unit PR, and therefore the clutch C3 and the automatic 
transmission as a whole can be made more compact. 

[0192] Further, the automatic transmission I7 according to the seventh 
embodiment is directly coupled in fourth speed fonA^ard. Therefore, in fifth speed 
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forward and sixth speed forward, the gear ratio can be a high ratio, and particularly 
when the vehicle is running at a high speed, the engine speed can be lowered, thereby 
allowing the vehicle to run more quietly at a high speed. 

[0193] If a clutch were to be located between the second planetary gear unit PR 
and the first planetary gear unit PU, for example, the length of the linking member 
(transmitting member) that links the second planetary gear unit PR and the first 
planetary gear unit PU must be axially elongated, and because this transmitting 
member transmits the reduced speed rotation, the thickness of the unit must be 
increased so as to withstand the high torque, and therefore the weight is increased. 
Therefore, an object of the present invention is to provide an automatic transmission 
wherein the distance between the speed reducing second planetary gear unit and the 
first planetary gear unit is reduced, and the weight is thereby reduced. 

[0194] In this seventh embodiment, in particular, the clutch C2 is located on the 
side of the second planetary gear unit PR axially opposite the first planetary gear unit 
PU, and therefore, locating a clutch between the first and second planetary gear units is 
not necessary, and the length of the transmitting member 30 can be made that much 
shorter. Therefore, the weight of the automatic transmission as a whole can be 
reduced. 



65 



AW02-0861-1US 



Eighth Embodiment 

[0195] The eighth embodiment, which is a partial modification of the sixth 
embodiment, will be described with reference to Fig. 14. Components of the eighth 
embodiment which are the same as those of the sixth embodiment are denoted by the 
same reference numerals, and description thereof is omitted here, except for those 
components which are modified. 

[0196] As Fig. 14 illustrates, the automatic transmission Ig of the eighth 
embodiment has the configuration of the clutch C2 modified, has a brake B3 instead of 
a clutch C3, and enables the carrier CR1 of second planetary gear unit PR to be fixed 
by the brake B3, which features differ from those of the automatic transmission Ig of the 
first embodiment (see Fig. 12). 

[0197] Within the automatic transmission Ig of the eighth embodiment, the 
brake B3 is located on the side of the second planetary gear unit PR axially opposite 
(right side on the diagram) the planetary gear unit PL). Brake B3 comprises a hydraulic 
servo 16, friction plates 76, and a hub unit 33. The clutch C2, comprises a hydraulic 
servo 12, friction plates 72, a drum 23, and a hub unit 24, and is located radially inward 
of the brake B3, i.e., within the hub unit 33. The hub unit 33 of brake B3 is connected to 
one side plate of the carrier CR1 , and the other (opposite) side plate of the carrier CR1 
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is rotatably supported by the input shaft 2. Further, the sun gear S1 is connected to the 
input shaft 2 via the drum 24 of the clutch C2. The friction plates 74 of the brake B1 are 
splined to the outer circumferential surface of the ring gear R1, and this ring gear R1 is 
connected by the transmitting member 30 to the sun gear S3. 

[0198] The operations of the automatic transmission Ig of the eighth 
embodiment are similar to those of the fourth embodiment (see Fig. 9 and Fig. 10), and 
accordingly description thereof will not be repeated here. 

[01 99] In the automatic transmission Ig of the eighth embodiment, due to the 
second planetary gear unit PR and the clutch C2 being located on one side of the first 
planetary gear unit PU, and the clutch C1 being located on the axially opposite side of 
the first planetary gear unit PU, the second planetary gear unit PR and the first 
planetary gear unit PU can be located more closely together, as compared to the 
transmission wherein, for example, two clutches CI and C2 are located between first 
and second planetary gear units, and the transmitting member 30 can be relatively 
shorter. By doing so, the automatic transmission can be made more compact and more 
lightweight. Further, because the inertia (inertial force) is reduced, the controllability of 
the automatic transmission is increased, and the occurrence of speed change shock is 
reduced. 
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[0200] Further, since the hydraulic servos 1 1 and 12 are mounted on the input 
shaft 2, the seal rings 81 and 82 serve to connect supply of oil between the oil lines 2a 
and 2b provided within input shaft 2 and the case 3, and therefore oil can be supplied to 
the oil chambers of hydraulic servos 1 1 and 12 without providing the seal rings 
between, for example, the input shaft 2 and the hydraulic servos 1 1 and 12. Therefore, 
sliding resistance from seal rings can be minimized, and the efficiency of the automatic 
transmission can be improved. 

[0201] Further, since the counter gear 5 is located axially between two planetary 
gear units, the counter gear 5 is in approximately the axial center of the automatic 
transmission. As in the previously described embodiments, enlarging toward the rear 
(when the input side facing the drive source is the "front") is not necessary because the 
counter gear 5 is mounted to mate with the drive wheel transmission device. Because 
of this, particularly in the case of a FF vehicle, interference with the front wheels is 
reduced, mountability on the vehicle is improved, and the steering angle is greatly 
increased. 

[0202] Further, the clutch CI engages at the relatively slow to medium speeds of 
first speed fon^/ard, second speed forward, third speed forward, and fourth speed 
forward, and therefore when this clutch CI is released at the relatively high speed levels 
of fifth speed fonA^ard, sixth speed forward, or first speed reverse, the hub unit 22 that 
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connects this clutch C1 and the sun gear S2 rotates at a relatively high speed or in 
reverse (see Fig. 10). On the other hand, in fifth speed forward or first speed reverse 
the transmitting member 30 rotates at reduced speed, and in sixth speed forward the 
transmitting member 30 may be fixed in some cases, and a difference in speed between 
the hub unit 22 and the transmitting member 30 can result. However, because clutch 
C1 is located on the side of the first planetary gear unit PU axially opposite the second 
planetary gear unit PR, the hub unit 22 and the transmitting member 30 can be spaced 
apart from one another. In comparison with a transmission wherein, for example, these 
members are in contact due to a multi-axial configuration, loss in efficiency of the 
automatic transmission resulting from friction and so forth from the relative rotation of 
those units can be prevented. 

[0203] Further, because the reduced speed rotation output to the first planetary 
gear unit PU from the second planetary gear unit PR is engaged and disengaged by the 
brake B3, the number of parts (for example drum-shaped members and so forth) can be 
reduced as compared to an embodiment employing a clutch C3. Further, the brake B3 
can receive oil supply directly from the case 3, and therefore the configuration of the oil 
line can be simplified as compared to an embodiment employing a clutch C3. 

[0204] Further, the automatic transmission Ig according to the eighth 
embodiment is directly coupled in fourth speed fonvard. Therefore, in fifth speed 
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forward and sixth speed forward, the gear ratio can be a high ratio, and particularly 
when the vehicle is running at a high speed, the engine speed can be lowered, allowing 
the vehicle to run more quietly at a high speed. 

[0205] If a clutch is located between the first and second planetary gear units, 
the length of the transmitting member that links the first and second planetary gear 
units must be axially elongated and since this transmitting member transmits the 
reduced speed rotation, its thickness must be so as to withstand a high torque, and 
therefore the weight is also increased. Therefore, an object of the present invention is 
to provide an automatic transmission in which the distance between the speed reducing 
second planetary gear unit and the first planetary gear unit is shortened and the weight 
is thereby reduced. 

[0206] In this eighth embodiment, in particular, the clutch C2 is disposed on the 
side of the second planetary gear unit PR axially opposite the first planetary gear unit 
PU, and therefore, provision of a clutch between the planetary gear units is not 
necessary, and the length of the transmitting member 30 can be made that much 
shorter. Therefore, weight of the automatic transmission as a whole can be reduced. 

Ninth Embodiment 
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[0207] The ninth embodiment, which is a partial modification of the first 
embodiment, will now be described with reference to Fig. 15. Components of the ninth 
embodiment which are the same as those of the first embodiment are denoted by the 
same reference numerals, and description thereof omitted, except for partial 
modifications. 

[0208] As Fig. 15 illustrates, the automatic transmission Ig of the automatic 
transmission of the ninth embodiment has clutch C2 located axially between the 
planetary gear units, and has the clutch CI and the counter gear 5 on the side of the 
first planetary gear unit PU axially opposite the second planetary gear unit PR. Thus, 
the locations of the clutch CI and the clutch C2 are reversed, and further, the positions 
of the second planetary gear unit PR, the clutch C3, and the brake B1 and the position 
of the counter gear 5 are reversed as compared to the automatic transmission 1^ of the 
first embodiment (see Fig. 1). 

[0209] Within the automatic transmission Ig, mounted on the input shaft 2 is a 
multi-disc clutch CI, which comprises a hydraulic servo 11, friction plates 71, a clutch 
drum 21 , and a hub unit 22 linked to a sun gear S2 on the radially inner side. 

[0210] The oil chamber of this hydraulic servo 1 1 is connected to oil line 2a 
which, in turn, is connected to the oil line 91 of the boss 3a in the form of a sleeve 
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surrounding one end of the input shaft 2. Oil line 91 connects to the oil pressure control 
unit, not illustrated. In other words, since the above-mentioned hydraulic servo 1 1 Is 
mounted on input shaft 2, oil supply from the oil pressure control unit to the oil chamber 
of the hydraulic servo 1 1 is connected simply by providing one set of seal rings 81 
between the boss 3a and the input shaft 2. 

[021 1] The input shaft 2 is connected to the drum 21 having an inner surface to 
which the friction plates 71 of the clutch CI are splined. The friction plates 71 of this 
clutch CI are intermeshed with friction plates splined to the hub unit 22 which, in turn, is 
connected to the sun gear S2. 

[0212] On the other side of the input shaft 2 (left side in diagram) is a multi-disc 
clutch C2 that has a hydraulic servo 12, friction plates 72, a clutch drum 23, and a hub 
unit 24 linked to a carrier CR2. On the outer circumference side is a multi-disc clutch 
C3 that comprises an hydraulic servo 13, friction plates 73, and a clutch drum 25. 
Further, located on the outer circumferential side of the clutch drum 25 is a multi-disc 
brake B1 that comprises a hydraulic servo 14 and friction plates 74. 

[0213] The oil chamber of hydraulic servo 12 is connected to an oil line 2b which 
is formed on the input shaft 2, and this oil line 2b is connected to the oil line 93 of the 
boss 3b which is formed as a sleeve around one end of the input shaft 2. Therefore, oil 
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communication from the oil pressure control unit to the oil chamber of the hydraulic 
servo 12 is connected simply by providing one set of seal rings 82 between the boss 3a 
and the input shaft 2. 

[0214] Further, the oil chamber of the hydraulic servo 13 is connected to an oil 
line 94 in the boss 3b, which oil line 94 is connected to the oil pressure control unit, by 
providing one set of seal rings 84 to form a seal between the boss 3b and the clutch 
drum 25. 

[0215] The input shaft 2 is connected to the clutch drum 23 at the left side of the 
diagram, and the inner circumferential surface this clutch drum 23 is spllned to the 
friction plates 72 of the clutch C2 which are intermeshed with friction plates splined to 
the hub unit 24 which is connected to the above-mentioned carrier CR2. 

[0216] The above-mentioned clutch drum 25 is rotatably supported by the boss 
3b, and a front portion of the outer circumferential surface of clutch drum 25 is splined to 
friction plates 74 of the brake B1 which is engaged/disengaged by operation of the 
hydraulic servo 14. The inner circumferential surface of the front portion of clutch drum 
25 is splined to the friction plates 73 of the clutch C3 which is engaged/disengaged by 
operation of the hydraulic servo 13 for the clutch C3. The friction plates 73 of this 
clutch C3 are intemieshed with friction plates splined to the ring gear R1 . 
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[0217] Further, carrier CR1 has a pinion Pa and a pinion Pb. Pinion Pb meshes 
with the ring gear R1 and pinion Pa meshes with the sun gear S1 which is connected to 
the input shaft 2. This carrier CR1 is secured to the boss 3b via a side plate, and this 
ring gear R1 is rotatably supported by a support element 26 extending to the boss 3b. 

[0218] Further, the clutch drum 25 is connected by a linking member 30 that 
transmits rotation of the ring gear R1 , when the clutch C3 is engaged, to the sun gear 
S3 of the above-mentioned first planetary gear unit PU. 

[0219] The operations of the automatic transmission 1g of this ninth embodiment 
are similar to those of the first embodiment (see Fig. 2 and Fig. 3), and accordingly 
description thereof will not be repeated here. 

[0220] As described above, in the automatic transmission Ig of the ninth 
embodiment, because the second planetary gear unit PR and the clutch C2 are located 
on one side of the first planetary gear unit PU, and the clutch CI is located on the 
axially opposite side of the first planetary gear unit PU, the second planetary gear unit 
PR and the first planetary gear unit PU can be located more closely together, as 
compared to an automatic transmission wherein, for example, two clutches C1 and C2 
are located between the planetary gear units PR and PU, and the transmitting member 
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30 for transmitting the reduced speed rotation can be made relatively shorter. In this 
manner, the automatic transmission can be made more compact and more lightweight. 
Further, because the inertia (inertial force) can be reduced, the controllability of the 
automatic transmission can be increased, and the occurrence of speed change shock 
can be reduced. Further, compared to the case wherein three clutches C1 , C2, C3 are 
located on one side of the planetary gear unit PL), the oil lines (for example, 2a, 2b, 91 , 
93, 94) that supply the hydraulic servos 11,12, and 13 of these clutches CI , C2, C3 can 
be more easily constructed, the manufacturing process can be simplified and the costs 
can be reduced. 

[0221] Further, since the hydraulic servos 1 1 and 12 are located on the input 
shaft 2, one set of seal rings 81 and 82 form an oil supply connection by providing a 
seal between the case 3 and oil lines 2a and 2b provided within input shaft 2. 
Therefore, oil can be supplied to the oil chambers of hydraulic servos 1 1 and 12 without 
providing seal rings between, for example, the input shaft 2 and the hydraulic servos 1 1 
and 12. Further, the hydraulic servo 13 can receive oil directly from the boss 3a which 
extends from the case 3, i.e., without passing through other components, and therefore 
can be supplied oil by providing one set of seal rings 80. Therefore, the oil supply can 
be connected simply by providing one set of seal rings 81 and 82, 84 for each of the 
hydraulic servos 11,12, and 13, sliding resistance from the seal rings can be minimized, 
and therefore the efficiency of the automatic transmission can be improved. 
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[0222] Further, because the clutch C2 is located radially inward of the clutch C3. 
the clutch C3, which must bear a relatively large torque in transmitting the reduced 
speed rotation, can be located at the outer circumference, and therefore this clutch C3 
and the hydraulic servo 13 thereof can have an increased diameter. In particular the 
pressure-receiving area of the oil chamber of the hydraulic servo 13 can be enlarged, 
and the torque transmitting capacity of this clutch C3 can be increased. By designing 
the clutch C2 to have a smaller torque transmitting capacity than the clutch C3, the 
automatic transmission can be made more compact. 

[0223] Further, the clutch CI engages at the relatively slow to medium speeds of 
first speed forward, second speed fonA/ard, third speed forward, and fourth speed 
forward, and therefore when this clutch CI is released at the relatively high speed levels 
of fifth speed forward, sixth speed forward, or first speed reverse, the hub unit 22 that 
connects clutch CI to the sun gear S2 rotates at a relatively high speed or revolves in 
reverse (see Fig. 3). On the other hand, in fifth speed forward and first speed reverse 
the transmitting member 30 rotates at reduced speed, and in sixth speed forward the 
transmitting member 30 may be fixed in some cases, and therefore the speed of the 
hub unit 22 may differ from that of the transmitting member 30. However, because this 
clutch CI is located on the side of the first planetary gear unit PU axially opposite the 
second planetary gear unit PR, the hub unit 22 and the transmitting member 30 can be 
spaced apart from one another. In comparison to a transmission wherein, for example, 
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these members are in contact due to a multi-axial configuration, a decrease in efficiency 
of the automatic transmission resulting from friction and so forth from the relative 
rotation of those units can be prevented. 

[0224] Further, the automatic transmission I9 of the ninth embodiment is directly 
coupled in fourth speed fonA/ard. Therefore, in fifth speed fonA^ard and sixth speed 
foHA/ard, the gear ratio can be a high ratio, and particularly when the vehicle is running 
at a high speed, the engine speed can be lowered, thus allowing the vehicle to run more 
quietly at a high speed. 

[0225] The transmitting member which connects the second planetary gear unit 
PR and the first planetary gear unit PU requires rigidity to withstand the reduced speed 
torque it transmits. For example, a clutch that engages at a slow to medium speed and 
a clutch that engages and disengages at a reduced speed on the inner circumference 
side of the linking member must have a large capacity and, therefore, must have a 
diameter corresponding to this capacity. Therefore, in the event that the transmitting 
member passes radially outward of this type of clutch, a diameter even larger than the 
aforementioned necessary diameter is required and the automatic transmission as a 
whole will have a larger diameter. Therefore an object of the present embodiment is to 
reduce the diameter and to provide a more compact automatic transmission. 
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[0226] According to the present embodiment, enlargement of the diameter of the 
transmitting member is avoided by mounting a clutch C2 with a small capacity on the 
radially inward side of the transmitting member 30. 

Tenth Embodiment 

[0227] A tenth embodiment which is a partial modification of the ninth 
embodiment will now be described with reference to Fig. 16. Components of the tenth 
embodiment which are the same as those of the ninth embodiment are denoted by the 
same reference numerals, and description thereof will be omitted here, except for the 
partial modifications. 

[0228] As Fig. 16 illustrates, the automatic transmission I^q of the tenth 
embodiment has the configuration of the second planetary gear unit PR and that of the 
clutch C3 modified as compared to that of the automatic transmission of the first 
embodiment (see Fig. 15). 

[0229] The clutch C3 is located on the side of the second planetary gear unit PR 
(left side of diagram) opposite the first planetary gear unit PU. The inner circumferential 
surface of a front portion of the drum 25 of this clutch C3 is splined to the friction plates 
73 which are intermeshed with friction plates splined to the hub unit 26. The drum 25 is 
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connected to the input shaft 2, and the hub unit 26 is connected to the sun gear S1 . 
Further, the clutch C2, comprising a hydraulic servo 12, friction plates 72, a drum 23, 
and a hub unit 24, is located radially inward of the clutch C3, that is to say, is located 
within the hub unit 26. 

[0230] On the outer circumference side of the first planetary gear unit PU is 
located a multi-disc brake B1 that comprises a hydraulic servo 14 and friction plates 74. 
The side plate of the carrier CR1 of this second planetary gear unit PR is fixed to and 
supported by the case 3. Further, the ring gear R1 is connected to the transmitting 
member 30, and the friction plates 74 of the brake B1 are splined to the outer 
circumferential surface of this transmitting member 30 which is connected to the sun 
gear S3. 

[0231] The operations of the automatic transmission 1 ^q, are similar to those of 
the third embodiment (see Fig. 6 and Fig. 7) and, accordingly, description thereof will 
not be repeated here. 

[0232] As described above, according to the automatic transmission 1 of the 
tenth embodiment, due to the second planetary gear unit PR and the clutch C2 being 
located on one side of the planetary gear unit PU, and the clutch C1 being located on 
the axially opposite side of the first planetary gear unit PU. the planetary gear units PR 
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and PU can be positioned more closely together, as compared to the case wherein for 
example two clutches C1 and C2 are located in between the second planetary gear unit 
PR and the first planetary gear unit PU, and the transmitting member 30 which transmits 
the reduced speed rotation can be made relatively shorter. In this manner, the 
automatic transmission can be made more compact and more lightweight. Further, 
because the inertia (inertial force) can be reduced, the controllability of the automatic 
transmission can be Increased, and the occurrence of speed change shock can be 
reduced. Further, compared to the case wherein three clutches C1 , C2, C3 are located 
on one side of the planetary gear unit PU. the oil lines (for example, 2a, 2b, 91 , 93, 94) 
that supply the hydraulic servos 11,12, and 1 3 of these clutches CI , C2, C3 can be 
more easily constructed, the manufacturing process can be simplified and the costs can 
be reduced. 

[0233] Further, since the hydraulic servos 11 and 12 are located on the input 
shaft 2, one set of seal rings 81 and 82 seal the case 3 and connect supply of oil to the 
oil lines 2a and 2b provided within input shaft 2, and therefore oil can be supplied to the 
oil chambers of the hydraulic servos 11 and 12 without providing seal rings between, for 
example, the input shaft 2 and the hydraulic servos 1 1 and 12. Further, the hydraulic 
servo 13 can receive supply of oil directly from the boss 3b which extends from the case 
3, without passing through other components, and therefore the oil supply can be 
connected by providing one set of seal rings 84. Therefore, oil can be supplied simply 
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by providing one set of seal rings 81 and 82, 84 each for the hydraulic servos 11,12, 
and 13, sliding resistance from the seal rings can be minimized, and therefore the 
efficiency of the automatic transmission can be improved. 

[0234] Further, the clutch CI engages in the relatively slow to medium speeds of 
first speed forward, second speed forward, third speed fonA^ard, and fourth speed 
foHA/ard, and therefore when this clutch CI is released at the relatively high speeds of 
fifth speed forward, sixth speed forward, or first speed reverse, in particular the hub unit 
22 that connects this clutch CI and the sun gear S2 rotates at a relatively high speed or 
in reverse (see Fig. 7). On the other hand, in fifth speed fonA^ard orfirst speed reverse 
the transmitting member 30 rotates at the reduced speed, and in sixth speed fonA/ard 
the transmitting member 30 may be fixed in some cases, and a difference in speed as 
between the hub unit 22 and the transmitting member 30 can occur. However, because 
this clutch CI is located on the side of the first planetary gear unit PR axially opposite 
the second planetary gear unit PR, the hub unit 22 and the transmitting member 30 can 
be spaced apart from one another. In comparison with the case wherein, for example, 
these members are in contact due to a multi-axial configuration, a decrease in efficiency 
of the automatic transmission resulting from friction and so forth from the relative 
rotation of those units can be prevented. 

[0235] If the clutch C3 is placed between the ring gear R1 and the sun gear S3, 
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for example, the reduced speed rotation must be engaged and disengaged, and 
consequently the clutch C3 must be relatively large, but by placing clutch C3 between 
the input shaft 2 and the sun gear S1 , the engaging and disengaging of the rotation of 
the input shaft 2 by this clutch C3 indirectly causes the reduced speed rotation output 
from the ring gear R1 of the second planetary gear unit PR to be engaged and 
disengaged, and the clutch C3 can be made more compact, and therefore the automatic 
transmission can be made more compact. 

[0236] Further, the automatic transmission 1 -,0 of this tenth embodiment is 
directly coupled in fourth speed forward. Therefore, in fifth speed fon^/ard and sixth 
speed foHA/ard, the gear ratio can be a high ratio, and particularly when the vehicle is 
running at a high speed, the engine speed can be lowered, thus allowing the vehicle to 
run more quietly at a high speed. 

[0237] When a clutch is located between the second planetary gear unit PR and 
the first planetary gear unit PU for example, the length of the transmitting member that 
links the second planetary gear unit PR with the first planetary gear unit PU is axially 
elongated, and since it transmits the reduced speed rotation, the thickness of the 
member must be increased so as to withstand the torque, and therefore its weight is 
also increased. Therefore an object of the present invention is to provide an automatic 
transmission that can shorten the distance between the speed reducing second 
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planetary gear unit and the first planetary gear unit, and thereby reduce the weight. 

[0238] With the tenth embodiment, in particular, the clutch C2 is disposed on the 
side of the second planetary gear unit PR axially opposite the first planetary gear unit 
PL), and, therefore, provision of a clutch between the second planetary gear unit PR and 
the first planetary gear unit PU is not necessary, and the length of the transmitting 
member 30 can be made that much shorter. Therefore, weight of the automatic 
transmission as a whole can be reduced. 

Eleventh Embodiment 

[0239] The eleventh embodiment is a partial modification of the ninth 
embodiment and will be described with reference to Fig. 17. Components of the 
eleventh embodiment which are the same as those of the ninth embodiment are 
denoted by the same reference numerals, and description thereof will be omitted, 
except for the partial modifications. 

[0240] As Fig. 17 illustrates, the automatic transmission 1^ of the eleventh 
embodiment has a modified configuration of the clutch C2, and further, has a brake B3 
instead of a clutch C3, and thereby enables the carrier CR1 of the second planetary 
gear unit PR to be fixed by the brake B3, in which respects it differs from the automatic 
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transmission I9 of the ninth embodiment (see Fig. 15). 

[0241] Within the automatic transmission l^^, the brake B3 is located on the side 
of the second planetary gear unit PR opposite the first planetary gear unit PL) (left side 
of the diagram). This brake B3 comprises a hydraulic servo 16, friction plates 76, and a 
hub unit 33. Further, the clutch C2, comprising a hydraulic servo 12, friction plates 72, 
drum 23, and a hub unit 24, is located on the radially inward side of the brake B3, that is 
to say, it is positioned within the hub unit 33. The hub unit 33 of this brake 83 is 
connected to one side plate of the carrier CR1 , and the other side plate of this carrier 
CR1 Is rotatably supported by the input shaft 2. Further, the sun gear S1 is connected 
to the input shaft 2 via the drum 23 of the clutch C2. Also, the friction plates 74 of the 
brake 81 are intermeshed with friction plates splined to the outer circumferential surface 
of the ring gear R1 , and this ring gear R1 is connected to the sun gear S3 via this 
transmitting member 30. 

[0242] The operations of the automatic transmission 1^^, of this eleventh 
embodiment are similar to those of the fourth embodiment (see Fig. 9 and Fig. 10), and 
accordingly description thereof will not be repeated here, 

[0243] As described above, in the automatic transmission 1^^ of the eleventh 
embodiment, due to the second planetary gear unit PR and the clutch C2 being located 
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on one side of the first planetary gear unit PU, and the clutch C1 being located on the 
axially opposite side of the first planetary gear unit PU. the planetary gear units PR and 
PU can be located more closely together, as compared to the case wherein, for 
example, two clutches C1 and C2 are located between the planetary gear units PR and 
PU, and the transmitting member 30 for transmitting reduced speed rotation can be 
made relatively shorter. By doing so, the automatic transmission can be made more 
compact and more lightweight. Further, because the inertia (inertial force) can be 
reduced, the controllability of the automatic transmission can be increased, and the 
occurrence of speed change shock can be reduced. 

[0244] Further, since the hydraulic servos 1 1 and 12 are provided on the Input 
shaft 2, the seal rings 81 and 82 seal the case 3 to the oil lines 2a and 2b provided 
within input shaft 2, and therefore oil can be supplied to the oil chambers of hydraulic 
servos 11 and 12 without providing the seal rings between, for example, the input shaft 
2 and the hydraulic servos 1 1 and 12. Therefore, oil can be supplied simply by 
providing the seal rings 81 and 82 for each of the hydraulic servos 1 1 and 12, sliding 
resistance from the seal rings can be minimized, and therefore the efficiency of the 
automatic transmission can be improved. 

[0245] Because the clutch CI engages at the relatively slow to medium speeds 
of first speed forward, second speed forward, third speed forward, and fourth speed 
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forward, when this clutch C1 is released at the relatively high speeds of fifth speed 
forward, sixth speed forward, or first speed reverse, the hub unit 22 in particular, that 
connects this clutch C1 and the sun gear S2, rotates at a relatively high speed or in 
reverse (see Fig. 10). On the other hand, in fifth speed forward or first speed reverse 
the transmitting member 30 rotates at the reduced speed, and in sixth speed forward 
the transmitting member 30 may be fixed in some cases, and therefore there will be a 
difference in speeds between the hub unit 22 and the transmitting member 30. 
However, because this clutch C1 is located axially opposite the second planetary gear 
unit PR relative to the first planetary gear unit PU, the hub unit 22 and the transmitting 
member 30 can be spaced apart from one another. In comparison with the case 
wherein, for example, these members are in contact due to a multi-axial configuration, a 
loss in efficiency of the automatic transmission resulting from friction and so forth from 
the relative rotation of those units can be prevented. 

[0246] Further, since the reduced speed rotation output to the first planetary 
gear unit PU from the second planetary gear unit PR is controlled by the brake B3, the 
number of parts (for example drum-shaped members and so forth) can be reduced as 
compared to a case wherein, for example, a clutch C3 is provided. Further, the brake 
B3 can connect directly with an oil line in the case 3, and therefore the configuration of 
the oil line can be simplified as compared to the case wherein, for example, a clutch C3 
is provided. 
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[0247] Further, the automatic transmission l^^ according to this eleventh 
embodiment is directly coupled in fourth speed forward. Therefore, fifth speed forward 
and sixth speed forward, the gear ratio can be a high ratio, and particularly when the 
vehicle is running at a high speed, the engine speed can be lowered, and this allows the 
vehicle to run more quietly at a high speed. 

[0248] When a clutch is located between the second planetary gear unit PR and 
the first planetary gear unit PU for example, the length of the transmitting member that 
links the planetary gear units PR and PU must be axially elongated, and since this 
transmitting member transmits reduced speed rotation, its thickness must be increased 
so as to withstand this load, and therefore its weight is also increased. Therefore an 
object of the present invention is to provide an automatic transmission that can shorten 
the distance between the speed reducing second planetary gear unit and the first 
planetary gear unit, and reduce the weight. 

[0249] With this eleventh embodiment, in particular, the clutch C2 is disposed 
axially opposite the first planetary gear unit PU relative to the second planetary gear unit 
PR, and therefore, providing a clutch between the planetary gear units PR and PU is not 
necessary, and the length of the transmitting member 30 can be made that much 
shorter. Therefore, weight of the automatic transmission as a whole can be reduced. 



87 



I 



AW02-0861-1US 

Twelfth Embodiment 

[0250] A twelfth embodiment, which is a partial modification of the first 
embodiment, will now be described, with reference to Fig. 18. Components of the 
twelfth embodiment which are the same as those of the first embodiment will be 
denoted by the same reference numerals, and description thereof omitted, except for 
partial modifications. 

[0251] As Fig. 18 illustrates, the automatic transmission 1^2 of the automatic 
transmission of the twelfth embodiment has the second planetary gear unit PR, the 
clutch C3, and the brake B1 located axlally opposite the counter gear 5 relative to the 
first planetary gear unit PL) (left side in the drawing), and in this respect differs from the 
automatic transmission 1^ of the first embodiment (see Fig. 1). 

[0252] Within the automatic transmission l^g, on input shaft 2 is mounted a 
multi-disc clutch C2, which comprises a hydraulic servo 12, friction plates 72, a clutch 
drum 23, and a hub unit 24 linked to the sun gear S2 on the radially inner side. 

[0253] The oil chamber of this hydraulic servo 12 is connected to an oil line 2a 
which is formed on the above-mentioned input shaft 2, and this oil line 2a is connected 
to the oil line 91 in the boss unit 3a. Further, this oil line 91 is connected to an oil 
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pressure control unit, not illustrated. Thus, because the hydraulic servo 12 is mounted 
on input shaft 2, oil pressure communication between the oil pressure control unit and 
the oil chamber of the hydraulic servo 12 is provided by one set of seal rings 81 which 
form a seal between the boss 3a and the input shaft 2. 

[0254] The input shaft 2 is connected to the clutch drum 23 which has its inner 
circumferential surface splined to the friction plates 72 of the clutch C2 which is 
operated by the hydraulic servo 12. The friction plates 72 of this clutch C2 are 
intermeshed with friction plates splined to the hub unit 24 which is connected to the 
carrier CR2. 

[0255] At the other end of the input shaft 2 (left end In diagram) is a multi-disc 
clutch C1 operated by a hydraulic servo 11 and including friction plates 71, a clutch 
drum 21, and a hub unit 22 linked to a sun gear S2. Adjacent the outer circumference 
is a multi-disc clutch C3 operated by a hydraulic servo 13, and including friction plates 
73, and a clutch drum 25. Further, radially outward of the clutch drum 25 is a multi- 
disc brake B1 that comprises a hydraulic servo 14 and friction plates 74. 

[0256] The oil chamber of this hydraulic servo 1 1 is connected to an oil line 2b ^ 
which is formed in the above-mentioned input shaft 2, and this oil line 2b is provided 
along the edge of the case 3 that is opposite the above-mentioned boss unit 3a, and is 
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connected to the oil line 93 of the boss 3b which is formed as a sleeve around one end 
of the input shaft 2. Therefore, oil pressure communication between the oil pressure 
control unit and the oil chamber of the hydraulic servo 1 1 is provided by one set of seal 
rings 82 which form a seal between the boss unit 3b and the input shaft 2. 

[0257] The oil chamber of the hydraulic servo 1 3 is connected to an oil line 94 
in the boss 3b which also is connected to the oil pressure control unit. Thus, for the 
hydraulic servo 13, oil communication between the oil pressure control unit and the oil 
chamber of the hydraulic servo 13 is established by one set of seal rings 84 which 
provide a seal between the boss 3b and the clutch drum 25. 

[0258] Further, the input shaft 2 is connected to the clutch drum 21 on the left 
side of the diagram, and located radially outward of this clutch drum 21 are the friction 
plates 71 of the clutch CI which is operated by the hydraulic servo 11. Friction plates 
71 are splined to the clutch drum 21 and are intermeshed with friction plates splined to 
the hub unit 22 which is connected to the sun gear S2. 

[0259] The clutch drum 25 is rotatably supported by the boss 3b and its outer 
circumferential surface, at a front portion thereof, is splined to the friction plates 74 of 
the brake B1 which is operated by the hydraulic servo 14. The inner circumferential 
surface of the front portion of this clutch drum 25 is splined to the friction plates 73 of 
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the Clutch C3 which is operated by the hydraulic servo 13. The friction plates 73 of 
this clutch C3 are intermeshed with friction plates splined to the ring gear R1. 

[0260] The carrier CR1 supports a pinion Pb, which meshes with the ring gear 
R1, and a pinion Pa which nneshes with the sun gear SI which, in turn, is connected 
to the input shaft 2. The carrier CR1 is secured to the boss 3b via a side plate, and ring 
gear R1 is rotatably supported by a supporting element 26 extending from the boss 3b. 

[0261] Further, the clutch drum 25 is connected to one end of a transmitting 
member 30 that transmits the rotation of the ring gear R1 when the clutch C3 is 
engaged. The opposite end of this transmitting member 30 is connected to the sun 
gear S3 of the first planetary gear unit PL). 

[0262] The operations of the automatic transmission 1 12, of this twelfth 
embodiment are similar to those of the first embodiment (see Fig. 2 and Fig. 3), and 
accordingly description thereof will not be repeated here. 

[0263] As described above, according to the automatic transmission I12 of the 
twelfth embodiment, because the second planetary gear unit PR and the clutch CI 
located on one side of the planetary gear unit PU, and the clutch C2 is located on the 
axially opposite side of the planetary gear unit PU, the planetary gear units PR and 
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PU can be located more closely together, as compared to the case wherein, for 
example, two clutches C1 and C2 are located between the planetary gear units PR 
and PU, and the transmitting member 30 for transmitting the reduced speed rotation 
can be made relatively shorter and the automatic transmission can be made more 
compact and lightweight. Further, because the inertia (inertial force) can be reduced, 
the controllability of the automatic transmission can be increased, and the occurrence of 
speed change shock can be reduced. Further, compared to the case wherein three 
clutches C1 , C2, C3 are located on one side of the planetary gear unit PU, the oil lines 
(for example, 2a, 2b, 91 , 93, 94) that supply the hydraulic servos 11,12, and 1 3 can be 
constructed more easily, the manufacturing process can be simplified, and the costs 
can be reduced. 

[0264] Further, since the hydraulic servos 11 and 12 are mounted on the input 
shaft 2, one set of seal rings 81 and 82 provide a seal between the case 3 and oil lines 
2a and 2b provided within input shaft 2, and therefore oil can be supplied to the oil 
chambers of hydraulic servos 1 1 and 12 without providing seal rings between, for 
example, the input shaft 2 and the hydraulic servos 1 1 and 12. Further, the hydraulic 
servo 13 can receive a supply of oil directly from the boss 3a which extends from 
the case 3, i.e. without passing through other components, by provision of one set of 
seal rings 80. Therefore, oil supply can be secured simply by providing one set of seal 
rings 81 and 82, 84 for each of the hydraulic servos 11,12, and 13, sliding resistance 
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from the seal rings can be minimized, and therefore the efficiency of the automatic 
transmission can be improved. 

[0265] Further, due to the clutch C3 being arranged radially outward of the 
clutch C1 , the clutch C3, which must transmit a relatively large torque with 
transmission of the reduced speed rotation and its hydraulic servo 13 can have an 
increased diameter, the pressure-receiving area of the oil chamber of the hydraulic 
servo 13 can be enlarged, and the torque transmission capacity of clutch C3 can be 
increased. Further, by providing the clutch C1 with a smaller torque transmission 
capacity as compared to that of the clutch C3, the automatic transmission can be 
made more compact. 

[0266] Further, because the automatic transmission 1 -,2 of the twelfth 
embodiment is directly coupled in fourth speed forward, in fifth speed forward and in 
sixth speed fonA/ard, the gear ratio can be a high ratio, and particularly when the vehicle 
is running at a high speed, the engine speed can be lowered, thus allowing the vehicle 
to run more quietly at a high speed. 

Thirteenth Embodiment 

[0267] A thirteenth embodiment, which is a partial modification of the twelfth 
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embodiment, will now be described with reference to Fig. 19. Components of the 
thirteenth embodiment which are the same as those of the twelfth embodiment are 
denoted by the same reference numerals, and description thereof omitted, except for 
the partial modifications. 

[0268] As Fig. 19 illustrates, the automatic transmission 1,3 of the thirteenth 
embodiment has the configuration of the second planetary gear unit PR, the clutch CI, 
and the clutch C3 modified relative to the twelfth embodiment (see Fig. 18). 

[0269] In this thirteenth embodiment, the clutches CI and C3 are located on 
the side of the second planetary gear unit PR (left side of diagram) opposite the first 
planetary gear unit PU. The inner surface of a front portion of the drum 25 of this 
clutch C3 is spiined to the friction plates 73 which are intermeshed with friction plates 
splined to the hub unit 26. The clutch dmm 25 is connected to the input shaft 2, and 
the hub unit 26 is connected to the sun gear S1 . Further, the clutch C1 comprising a 
hydraulic servo 12, friction plates 71, a clutch drum 21, and a hub unit 22 is located 
radially inward of the clutch C3, that is to say, is enclosed within the hub unit 26. 

[0270] Radially outward of the second planetary gear unit PR is a multi-disc 
brake B1 that comprises a hydraulic servo 14 and friction plates 74. The side plate of 
the carrier CR1 of the second planetary gear unit PR is fixed to and supported by the 
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case 3. Further, the ring gear R1 is connected to the transmitting member 30, and the 
friction plates 74 of the brake B1 are splined to the outer circumferential surface of 
transmitting member 30, which, in turn, is connected to the sun gear S3. 

[0271] The operations of the automatic transmission 1^3 are similar to those of 
the third embodiment (see Fig. 6 and Fig. 7) and accordingly description thereof will not 
be repeated here. 

[0272] As described above, in the automatic transmission 1 ^3 of the thirteenth 
embodiment, because the second planetary gear unit PR and the clutch C1 are located 
on one side of the planetary gear unit PU, and the clutch C2 is located on the axially 
opposite side of the first planetary gear unit PU, the planetary gear units PR and PU 
can be located more closely together, as compared to a transmission wherein, for 
example, two clutches C1 and C2 are located between the planetary gear units PR 
and PU, and the transmitting member 30 for transmitting reduced speed rotation can be 
made relatively shorter. By doing so, the automatic transmission can be made more 
compact and more lightweight. Further, because the inertia (inertial force) can be 
reduced, the controllability of the automatic transmission can be increased, and the 
occurrence of speed change shock can be reduced. Further, compared to the case 
wherein three clutches C1 , C2, C3 are located on one side of the first planetary gear 
unit PU, the oil lines (for example, 2a, 2b, 91 , 93, 94) that supply the hydraulic servos 
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11,12, and 13 of these clutches CI, C2, C3 can be more easily constructed, the 
manufacturing process can be simplified, and the costs can be reduced. 

[0273] Further, since the hydraulic servos 11 and 12 are mounted on the input 
shaft 2, one set of seal rings 81 and 82 serve to seal the case 3 to the input shaft 2 
and thereby connect a supply of oil to the oil lines 2a and 2b provided within input shaft 
2. Thus, oil can be supplied to the oil chambers of hydraulic servos 11 and 12 without 
providing seal rings between, for example, the input shaft 2 and the hydraulic servos 1 1 
and 12. Further, the hydraulic servo 13 can be supplied with oil from the boss 3b 
extended from the case 3, without passing through other parts, by providing one set of 
seal rings 84. Because oil can be supplied by providing one set of seal rings 81 and 
82, 84 for each of the hydraulic servos 11,12, and 13, sliding resistance from the seal 
rings can be minimized, and therefore the efficiency of the automatic transmission can 
be improved. 

[0274] Further, because the clutch CI is located radially Inward of the clutch C3, 
the clutch C3, which must transmit a relatively large torque in order to transmit the 
reduced speed rotation, can be located on the outer circumference side, and therefore 
clutch C3 and the hydraulic servo 13 thereof can have an increased diameter. In 
particular, the pressure-receiving area of the oil chamber of the hydraulic servo 13 can 
be enlarged, and the torque transmission capacity of clutch C3 can be increased. 
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Further, by designing the clutch C1 to have a smaller torque transmission capacity as 
compared to the clutch C3, the automatic transmission can be made more compact. 

[0275] In contrast, for example, if the clutch C3 were to be placed between the 
ring gear R1 and the sun gear S3, it would engage and disengage the reduced speed, 
high torque rotation, and would need to be relatively large. However, by locating clutch 
C3 between the input shaft 2 and the sun gear S1 , engagement and disengagement of 
this clutch C3 indirectly causes the reduced speed rotation output from the ring gear 
R1 of the second planetary gear unit PR to be engaged and disengaged, and therefore 
the clutch C3 can be made more compact and the automatic transmission as a whole 
can be made more compact. 

[0276] Further, the automatic transmission 1^3 of the thirteenth embodiment is 
directly coupled in fourth speed fonA^ard. Therefore, at fifth speed forward and sixth 
speed forward, the gear ratio can be a high ratio and, particularly when the vehicle is 
running at a high speed, the engine speed can be lowered, thus allowing the vehicle to 
run more quietly at a high speed. 

[0277] If a clutch is located between the planetary gear units PR and PU, the 
length of the transmitting member that links the planetary gear units PR and PU must 
be axially elongated, and since this transmitting member receives the reduced speed 
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rotation, the thickness of the member must be increased so as to withstand the high 
torque, and therefore the weight is also increased. Therefore an object of the present 
invention is to provide an automatic transmission that can shorten the distance between 
the planetary gear units, and thereby prevent increase in weight. 

[0278] In this thirteenth embodiment, because the clutch C1 is disposed on the 
side of the planetary gear unit PR axially opposite the planetary gear unit PU, provision 
of a clutch between the planetary gear units PR and PU is not necessary, and the 
transmitting member 30 can be made that much shorter. Therefore, an increase in 
weight of the automatic transmission as a whole can be avoided. 

Fourteenth Embodiment 

[0279] A fourteenth embodiment, which is a partial modification of the twelfth 
embodiment, will now be described with reference to Fig. 20. Components of the 
fourteenth embodiment which are the same as those of the twelfth embodiment are 
denoted by the same reference numerals, and description thereof omitted, except for 
partial modifications. 

[0280] As Fig. 20 illustrates, the automatic transmission 1,4 of the fourteenth 
embodiment differs from that of the twelfth embodiment in the configuration of the 
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clutch C2, in having a bral<e B3 instead of a clutch C3, and in enabling the carrier CR1 
of the second planetary gear unit PR to be fixed by the brake B3. 

[0281] Within the automatic transmission 1^4, the brake B3 is located on the side 
of the planetary gear unit PR axially opposite (left side on the diagram) the planetary 
gear unit PU. This brake 83 comprises a hydraulic servo 16, friction plates 76, and a 
hub unit 33. The clutch C1 comprises a hydraulic servo 11, friction plates 71 , a clutch 
drum 21 , and a hub unit 22, and is located radially inward of the brake 83, enclosed 
within the hub unit 33. The hub unit 33 of this brake 83 is connected to one side plate 
of the carrier CR1 , and the other side plate of the carrier CR1 is rotatably supported by 
the input shaft 2. Further, the sun gear SI is connected to the input shaft 2 via the 
drum 21 of the clutch CI. The friction plates 74 of the brake 81 are intermeshed with 
friction plates splined to the outer circumferential surface of the ring gear R1 , and this 
ring gear R1 is connected to the sun gear S3 by transmitting member 30. 

[0282] The operations of the automatic transmission 1 ,4 of this fourteenth 
embodiment are similar to those of the fourth embodiment (see Fig. 9 and Fig. 10), and 
accordingly description thereof will not be repeated here. 

[0283] In the automatic transmission I14 of the fourteenth embodiment, due to 
the second planetary gear unit PR and the clutch CI being located on one side of the 
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planetary gear unit PU, and the clutch C2 being located on the axially opposite side of 
the planetary gear unit PU, the planetary gear units PR and PU can be located more 
closely together as compared to, for example, a transmission wherein two clutches C1 
and C2 are located between the planetary gear units PR and PU, and the transmitting 
member 30 for transmitting reduced speed rotation can be made relatively shorter. In 
this manner, the automatic transmission can be made more compact and more 
lightweight. Further, because the inertia (inertial force) can be reduced, the 
controllability of the automatic transmission can be increased, and the occurrence of 
speed change shock can be reduced. Further, compared to a transmission wherein 
three clutches C1 , C2, C3 are located on one side of the planetary gear unit PU, the oil 
lines (for example, 2a, 2b, 91 , 93) that supply oil to the hydraulic servos 1 1 and 12 of 
these clutches CI and C2, can be more easily constructed, the manufacturing process 
can be simplified and the costs can be reduced. 

[0284] Further, since the hydraulic servos 1 1 and 12 are provided on the input 
shaft 2, the seal rings 81 and 82 seal the case 3 to the oil lines 2a and 2b provided 
within input shaft 2, and therefore oil can be supplied to the oil chambers of hydraulic 
servos 1 1 and 12 without providing seal rings between, for example, the input shaft 2 
and the hydraulic servos 11 and 12. Therefore, the oil supply can be connected 
simply by providing the seal rings 81 and 82 for each of the hydraulic servos 1 1 and 12, 
sliding resistance from the seal rings can be minimized, and therefore the efficiency of 
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the automatic transmission can be improved. 

[0285] Further, since output of the reduced speed rotation to the first planetary 
gear unit PU from the second planetary gear unit PR is controlled by the brake B3, the 
number of parts (for example drum members and so forth) can be reduced as compared 
to embodiments having a clutch C3. Further, the brake B3 can connect directly to an 
oil line in the case 3, and therefore the configuration of the oil line can be simplified as 
compared to the embodiments including a clutch C3. 

[0286] Further, the automatic transmission 1^4 of the fourteenth embodiment is 
d irectly coupled in fourth speed forward. Therefore, in fifth speed forward and sixth 
speed forward, the gear ratio can be a high ratio, and particularly when the vehicle is 
running at a high speed, the engine speed can be lowered, thereby allowing the 
vehicle to run more quietly at high speed. 

[0287] If a clutch is located between the planetary gear units PR and PU, the 
length of the transmitting member that links the planetary gear units PR and PU must 
be axially elongated, and because this member transmits the reduced speed rotation, 
its thickness must be increased so as to withstand the transmitted torque, and therefore 
its weight must also be increased. Therefore, an object of the present invention is to 
provide an automatic transmission that can reduce the distance between the planetary 
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gear units PL) and PR, and to thereby minimize the weight of the transmitting member. 

[0288] In this fourteenth embodiment, in particular, the clutch C1 is disposed on 
the side of the second planetary gear unit PR opposite the first planetary gear unit PU, 
and therefore, providing a clutch between planetary gear units PR and PU is not 
necessary, and the length of the transmitting member 30 can be made that much 
shorter. Therefore, weight of the automatic transmission as a whole can be reduced. 

Fifteenth Embodiment 

[0289] The fifteenth embodiment, which is a partial modification of the previously 
described embodiments will now be described with reference to Fig. 21 through Fig. 23. 
Components of the fifteenth embodiment which are the same as those of the first 
embodiment are denoted by the same reference numerals, and description thereof will 
not be repeated here, except for modifications. 

[0290] As illustrated in Fig. 21, the automatic transmission l^g of the fifteenth 
embodiment comprises a first planetary gear unit PU and a second planetary gear unit 
PR on the input shaft 2, similar to the automatic transmission 1^ of the first 
embodiment. The first planetary gear unit PU comprises a first simple planetary gear 
unit SP2 and a second simple planetary unit SP3, and is a Simpson-type planetary 
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gear unit comprising a sun gear S2 and a sun gear S3 that are linked together, a carrier 
CR3 and a ring gear R2 that are linl^ed together, a ring gear R3, and a carrier CR2, as 
the four rotary components. Further, the second planetary gear unit PR is a double 
pinion planetary gear unit comprising a carrier CR1, a pinion P1b which is meshed with 
a ring gear R1 and a pinion P1a which is meshed with a sun gear S1 , wherein the 
pinions are also meshed with one another. 

[0291] On the input shaft 2 is mounted a multi-disc clutch C1 , which comprises 
a hydraulic servo 1 1 , friction plates 71 , a clutch drum 121 , and a hub unit 122. The oil 
chamber of this hydraulic servo 1 1 is connected to an oil line 91 of the boss 3a which 
forms a sleeve around one end of the input shaft 2 and this oil line 91 is connected to 
an oil pressure control unit, not illustrated. In other words, an oil line from the oil 
pressure control unit, not illustrated, to the oil chamber of the hydraulic servo 1 1 is 
connected simply by providing one set of seal rings 81 which form a seal between the 
boss 3a and the drum 121. 

[0292] The input shaft 2 is connected to the clutch drum 121, and the inner 
surface of this drum 121 is splined to the friction plates 71 of the clutch CI which are 
intermeshed with friction plates splined to the hub unit 122 which, in turn, is connected 
to the sun gear S2. 



103 



AW02-0861-1US 

[0293] At the other end (the left of the diagram) of the input shaft 2 is a nnulti- 
disc clutch C2 which comprises a hydraulic servo 12, friction plates 72, a clutch drum 
123, and a hub unit 124 linked to a carrier CR3. At the outer circumference is a multi- 
disc clutch C3 which comprises a hydraulic servo 13, friction plates 73, and a clutch 
drum 125. Further, radially outward of the clutch drum 125 is a multi-disc brake B1 
which comprises a hydraulic servo 14 and friction plates 74. 

[0294] The oil chamber of this hydraulic servo 12 is connected to an oil line 2b 
which is formed on the input shaft 2, and this oil line 2b extends along the edge of the 
case 3 that is opposite the above-mentioned boss 3a, and is connected to the oil line 93 
of the boss 3b which forms a sleeve around the input shaft 2. Therefore, an oil line 
from the oil pressure control unit, not illustrated, to the oil chamber of the hydraulic 
servo 12, is connected simply by providing one set of seal rings 82 to form a seal 
between the input shaft 2 and the clutch drum 23. 

[0295] Further, the oil chamber of the hydraulic servo 13 is connected to an oil 
line 94 of the boss 3b, which oil line 94 is connected to the oil pressure control unit. In 
other words, for the above-mentioned hydraulic servo 13, an oil line from the oil 
pressure control unit to the oil chamber of the hydraulic servo 13 is connected by one 
set of seal rings 84 between the boss 3b and the clutch drum 125. 
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[0296] The input shaft 2 is connected to the drum-shaped member 123 on the 
left side of the diagram, and the inner surface of this drum-shaped member 123 is 
splined to the friction plates 72 of the clutch C2 which is operated by the hydraulic servo 
12. The friction plates 72 are intermeshed with friction plates splined to the hub unit 
124, which is connected to the carrier CR3. 

[0297] The clutch drum 125 is rotatably supported by the boss 3b, and the 
outer surface of a front edge of this clutch drum 125 is splined to friction plates 74 of 
the brake B1 which is operated by hydraulic servo 14. The inner surface of the front 
portion of drum 125 is splined to the friction plates 73 of the clutch C3 which is operated 
by the hydraulic servo 13. The friction plates 73 are intermeshed with friction plates 
splined to the ring gear R1. 

[0298] The carrier CR1 supports a pinion PI a and a pinion Pib. Pinion Pib 
meshes with the ring gear R1, and pinion PI a meshes with the sun gear SI which is 
connected to the input shaft 2. Carrier CR1 , in turn, is secured to the boss 3b of the 
case 3 via a side plate, and ring gear R1 is rotatably supported by a supporting element 
126 fixed to the boss 3b. 

[0299] The drum 125 is connected to a transmitting member 130 that receives 
the rotation of the ring gear R1 when the clutch C3 is engaged, and, further, the other 
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end of this transmitting member 130 is connected the ring gear R3 of the second 
simple planetary gearing SP3 of the first planetary gear unit PU. 

[0300] On the outer side of the first simple planetary gearing SP2 is a one-way 
clutch F1 , and the inner race of this one-way clutch F1 is connected to the hub unit 128 
which, in turn, is connected to the ring gear R2 of the first simple planetary gearing 
SP1 . Further, on the outer side of this ring gear R2 is a brake B2 comprising a 
hydraulic servo 15 and friction plates 75. The friction plates 75 are intermeshed with 
friction plates splined to the ring gear R2 and the hub unit 128, and are splined to the 
inner surface of the case 3. Thus, ring gear R2 can be held against rotation by 
engagement of the brake B2. 

[0301] Further, the carrier CR3 supports a pinion P3 which is meshed with the 
inner surface of the ring gear R3 and with the sun gear S3. The carrier CR3 is also 
linked to the ring gear R2. The carrier CR2 supports a pinion P2 which is meshed with 
the inner surface of the ring gear R2 and with sun gear S2. Also, this carrier CR2 is 
linked to the counter gear 5 via side plate 127. 

[0302] The second planetary gear unit PR and the clutches C2 and C3 are 
located on one side of the first planetary gear unit PU, and the clutch CI and the 
counter gear 5 are located on the axially opposite side (right side of the diagram) of the 
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first planetary gear unit PU. Further, the clutch C2 is disposed radially inward of the 
clutch C3, and radially inward of the transmitting member 130. Further, the brake B1 is 
disposed radially outward of the second planetary gear unit PR, and the brake B2 is 
disposed radially outward of the first planetary gear unit PU. 

[0303] The operations of the automatic transmission 1,5 of this fifteenth 
embodiment will now be described with reference to Fig. 21, Fig. 22, and Fig. 23 
below. The vertical axes of the speed line diagram illustrated in Fig. 23 indicate the 
speeds of each rotary component, and the horizontal axis indicates the corresponding 
gear ratio of the rotary components. In the first planetary gear unit PU section of this 
speed line diagram, the vertical axis to the farthest horizontal edge (the right side of Fig. 
23) corresponds to ring gear R3, and moving to the left within the diagram, the vertical 
axes correspond to the ring gear R2 and the carrier CR3, the carrier CR2, and the sun 
gear S2 and the sun gear S3. In the second planetary gear unit PR section of this 
speed line diagram, the vertical axis to the farthest horizontal edge (the right side of Fig. 
23) corresponds to sun gear S1, and moving to the left within the diagram, the vertical 
axes correspond to the ring gear R1 and the carrier CR1 . Further, the widths between 
these vertical axes are inversely proportional to the number of teeth of each of the sun 
gears SI , S2, S3, and to the number of teeth of each of the ring gears R1 , R3. The 
horizontal dotted line in the diagram illustrates the speed of rotation transmitted by the 
transmitting member 130. 
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[0304] As illustrated in Fig. 21 , the rotation of input shaft 2 is input to the sun 
gears S2 and S3, by engaging the clutch C1 . The rotation of input shaft 2 is also input 
to the carrier CR3 and ring gear R2, by engaging the clutch C2. The carrier CR3 and 
ring gear R2 can be fixed against rotation by engagement of the brake B2 and. 
further, their rotation can be limited to one direction by the one-way clutch F1. 

[0305] When the rotation of the input shaft 2 is input to the sun gear S1 , and the 
carrier CR1 is fixed to the case 3, the ring gear R1 rotates at a reduced speed. The 
reduced speed rotation of the ring gear R1 is input to the ring gear R3 via the 
transmitting member 130 by engagement of the clutch C3. Further, the ring gear R3 
may be fixed against rotation by engagement of the brake B1 . The rotation of the 
carrier CR2 is output to the counter gear 5 and to the drive wheels via this counter gear 
5, a counter shaft (not illustrated), and a differential unit. 

[0306] In first speed forward within the D (drive) range, as illustrated in Fig. 22, 
the clutch C1 and the one-way clutch F1 are engaged. Then, as illustrated in Fig. 23, 
the rotation of input shaft 2 is input to the sun gears S2 and S3 via the clutch C1 , and 
the rotation of the carrier CR3 and the ring gear R2 is limited to one direction (the 
direction of forward rotation). With rotation of the input shaft 2 input to the sun gear 
S2 and the reduced speed rotation output to the carrier CR2 via the fixed ring gear R2, 
the forward rotation for first speed fon^^ard is output from the counter gear 5. At this 
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time, within the second planetary gear unit PR, the reduced speed rotation is output to 
the ring gear R3 via the sun gear S1 (which receives the rotation of the input shaft 2) 
and the fixed carrier CR1; however, the transmitting member 130 does not transmit 
torque because the clutch C3 is released. Further, when downshifting (when coasting), 
the braise B2 is engaged and the ring gear R2 is fixed to maintain first speed forward 
while preventing fonA/ard rotation of ring gear R2. 

[0307] Further, in first speed forward, the one-way clutch F1 prevents the ring 
gear R2 from rotating in reverse while allowing fonA/ard rotation, and therefore, 
switching from a non-driving range to a driving range and achieving first speed fonvard 
can be accomplished more smoothly by the automatic engaging of the one-way clutch. 

[0308] In second speed forward within D (drive) range, as illustrated in Fig. 22, 
the clutch C1 and brake B1 are engaged. As illustrated in Fig. 23, the rotation of input 
shaft 2 is input to the sun gears S2 and S3 via the clutch C1 , and the ring gear R3 is 
fixed against rotation. Also, reduced speed rotation is output to the carrier CR3 and 
the ring gear R2 via the rotation of the input shaft 2 that is input to the sun gear S3 and 
the fixed ring gear R3. Rotation at a speed reduced from that of the above-mentioned 
first speed forward is input to the carrier CR2, via the rotation of the input shaft 2 input 
to the sun gear S2 and the reduced speed rotation input to ring gear R2, and the 
forward rotation for second speed fonA/ard is output from the counter gear 5. At this 
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time, within the second planetary gear unit PR, the reduced speed rotation is output to 
the ring gear R3 via the sun gear S1 , which receives the rotation of the input shaft 2, 
and the fixed carrier CR1; however, the transmitting member 130 does not transmit 
torque because the clutch C3 is released. 

[0309] In third speed forward within the D (drive) range, as illustrated in Fig. 22, 
the clutches C1 and C3 are engaged. As illustrated in Fig. 23, the rotation of input 
shaft 2 is input to the sun gear S1 and to the ring gear R1 through the fixed carrier 
CR1 . The ring gear R1 , now rotating at a reduced speed, outputs its reduced speed 
rotation to the ring gear R3 via the transmitting member 130, with the clutch C3 
engaged. The rotation of the input shaft 2 is also input to the sun gear S2, and a 
slightly greater, but reduced, speed rotation is output to the carrier CR3 and to the ring 
gear R2 via sun gear S3 and the reduced speed rotation of the ring gear R3. A 
reduced speed rotation greater than that of the above-mentioned second speed 
forward is output to the carrier CR2 from the rotation of the input shaft 2 input to the sun 
gear S2 and the slightly greater but reduced speed rotation input to ring gear R2, and 
the forward rotation for third speed fonA^ard is output from the counter gear 5. In this 
case, because the ring gear R1 and the ring gear R3 are rotating at a reduced speed, 
the transmitting member 130 carries a relatively large torque. 

[0310] In fourth speed forward within D (drive) range, as illustrated in Fig. 22, 
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the clutches C1 and C2 are engaged. Then, as illustrated in Fig. 23, the rotation of 
input shaft 2 is input to the sun gears S2 and S3 via the clutch C1 , and to the carrier 
CR3 and the ring gear R2 via the clutch C2 to establish a directly coupled state wherein 
the rotation of the input shaft 2 is output as is into the carrier CR2, and the forward 
rotation for fourth speed forward is output from the counter gear 5. At this time, within 
the second planetary gear unit PR, the reduced speed rotation is output to the ring gear 
R3 via the sun gear S1 (which receives the rotation of the input shaft 2) and the fixed 
carrier CR1 ; however, the transmitting member 130 does not transmit torque because 
the clutch C3 is released. 

[031 1] In fifth speed forward within the D (drive) range, as illustrated in Fig. 22, 
the clutches CI and C3 are engaged. Then, as illustrated in Fig. 23, the rotation of 
input shaft 2 is input to the sun gear SI , and the ring gear R1 reduces the speed of 
rotation received through the fixed carrier CR1 . Further, the reduced speed rotation of 
this ring gear R1 is output to the ring gear R3 via the transmitting member 130, with the 
clutch C3 engaged. The rotation of the input shaft 2 is also input to the carrier CR3 
and the ring gear R2, and overdrive speed rotation is output to the sun gears S2 and 
S3. Overdrive rotafion is also output to the carrier CR2 from the rotation of the input 
shaft 2 input to the ring gear R2 and to sun gear S2, and the fonward rotation for fifth 
speed forward is output from the counter gear 5. In this case, because the ring gear R1 
and the ring gear R3 are rotating at a reduced speed, the transmitting member 130 

111 



AW02-0861.1US 

transmits a relatively large torque. 

[0312] In sixth speed forward within the D (drive) range, as illustrated in Fig. 22, 
the clutch C2 and the brake B1 are engaged. Then, as illustrated in Fig. 23, the 
rotation of the input shaft 2 is input to the carrier CR3 and to the ring gear R2 via the 
clutch C2, and the ring gear R3 is fixed by engagement of the brake B1 . This produces 
overdrive rotation (even greater than that of the above-mentioned fifth speed forward), 
which is output to the sun gears S3 and S2. From the rotation of the input shaft 2 input 
to the ring gear R2 and the increased speed rotation input to sun gear S2, a raised 
speed rotation, higher than that of the above-mentioned fifth speed forward, is output 
as sixth speed forward from the counter gear 5. At this time, within the second 
planetary gear unit PR, the reduced speed rotation is output to the ring gear R3 via the 
sun gear S1 (which receives the rotation of the input shaft 2) and the fixed carrier CR1 ; 
however, the transmitting member 130 does not transmit torque, because the clutch C3 
is released. 

[0313] In first speed reverse, as illustrated in Fig. 22. the clutch C3 and the 
brake B2 are engaged. In this manner, as illustrated in Fig. 23, the rotation of the input 
shaft 2 is input to the sun gear SI , and the ring gear R1 rotates at reduced speed 
rotation via the fixed carrier CR1. Further, because the clutch C3 is engaged, the 
reduced speed rotation of ring gear R1 is input to the ring gear R2 via the transmitting 
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member 130. Further, because the brake B2 is engaged, the carrier CR3 and the ring 
gear R2 are fixed against rotation, and reverse rotation is output to the sun gear S3 
and the sun gear S3 because of the fixed carrier CR3 and the reduced speed rotation 
of the ring gear R3. Reverse rotation is output to the carrier CR2, with ring gear R2 
fixed and the reverse rotation input to sun gear S2, and the rotation for first speed 
reverse is output from the counter gear 5. In reverse, similar to third speed fonward and 
fifth speed forward, the ring gears R1 and R3 are rotating at a reduced speed and, 
accordingly, the transmitting member 130 transmits a relatively large torque. 

[0314] In P (parking) range and N (neutral) range, the clutches C1,C2, andC3 
are released, the input shaft 2 is disconnected from the counter gear 5, and the 
automatic transmission 1 as a whole is in an idle state (neutral state). 

[0315] In the automatic transmission 1 15 of this fifteenth embodiment, because 
the second planetary gear unit PR and the clutch C2 are located on one side of the first 
planetary gear unit PL), and the clutch CI is located on the axially opposite side of the 
first planetary gear unit PU, the planetary gear units PR and PU can be located more 
closely together, compared to a transmission wherein, for example, two clutches CI 
and C2 are located between the planetary gear units PR and PU, and the transmitting 
member 130 can be made relatively shorter. By doing so, the automatic transmission 
can be made more compact and more lightweight. Further, because the inertia (inertial 
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force) can be reduced, the controllability of the automatic transmission can be 
increased, and the occurrence of speed change shock can be reduced. Further, 
compared to the case wherein three clutches C1 , C2, C3 are located on one side of the 
planetary gear unit PU, the oil lines (for example, 2a, 2b, 91, 93, 94) that supply the 
hydraulic servos 11,12, and 13 of these clutches CI , C2, C3 can be easily constructed, 
the manufacturing process can be simplified, and the costs can be reduced. 

[0316] Because the hydraulic servos 11 and 12 are mounted on the input shaft 
2, one set of seal rings 81 and 82 form a connection to the case 3 for supply of oil to 
the oil lines 2a and 2b within input shaft 2, and therefore oil can be supplied to the oil 
chambers of hydraulic servos 1 1 and 12 without providing seal rings between, for 
example, the input shaft 2 and the hydraulic servos 1 1 and 12. Further, hydraulic servo 
13 can receive supply of oil directly from the boss 3b, i.e. without passing through 
other units. Therefore, oil can be supplied simply by providing one set of seal rings 81 
and 82, 84 for each of the hydraulic servos 11,12, and 13, sliding resistance from the 
seal rings can be minimized, and therefore the efficiency of the automatic transmission 
can be improved. 

[0317] Further, because the clutch C2 is located radially inward of the clutch C3, 
the clutch C3, which must transmit a relatively large torque at the reduced speed, and 
its hydraulic servo 13 can have an increased diameter. In particular, the pressure- 
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receiving area of the oil chamber of the hydraulic servo 13 can be enlarged, and the 
torque transmission capacity of this clutch C3 can be increased. Further, the clutch C2 
can be designed have a smaller torque transmission capacity than the clutch C3, and 
therefore the automatic transmission can be made more compact. 

[0318] Further, the clutch CI engages at the relatively slow to medium speeds 
of first speed forward, second speed forward, third speed forward, and fourth speed 
forward, and therefore when this clutch CI is released at the relatively high speeds, i.e. 
fifth speed forward, sixth speed fonfl/ard, and first speed reverse, the hub unit 122 that 
connects this clutch CI and the sun gear S2 rotates at a relatively high speed or in 
reverse (see Fig. 3). Because in fifth speed forward and first speed reverse the 
transmitting member 130 rotates at a reduced speed, and in sixth speed forward the 
transmitting member 130 may be fixed in some cases, the speeds of hub unit 122 and 
the transmitting member 130 can differ. However, because clutch CI is located on the 
side of the first planetary gear unit PU axially opposite the second planetary gear unit 
PR, the hub unit 122 and the transmitting member 130 can be spaced apart from one 
another. As compared with a transmission wherein, for example, these members are 
in contact due to a multi-axial configuration, decrease in efficiency of the automatic 
transmission resulting from fricfion and so forth from the relative rotation of those units 
can be avoided. 
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[0319] The automatic transmission 1 ^5 of this fifteenth embodiment is directly 
coupled in fourth speed forward. Therefore, in fifth speed forward and sixth speed 
forward, the gear ratio can be a high ratio, and particularly when the vehicle is running 
at a high speed, the engine speed can be reduced, thereby allowing the vehicle to run 
more quietly. 

[0320] The transmitting member linking the planetary gear units PR and PU 
requires rigidity to withstand the reduced speed torque that it transmits. A clutch that 
engages at a slow to medium speed and a clutch that engages and disengages a 
reduced speed rotation on the inner side of the transmitting member must have a large 
capacity, and therefore a diameter corresponding to this capacity becomes necessary. 
Therefore, if the transmitting member passes on the outer circumferential side of this 
type of clutch, an even larger diameter becomes necessary, the linking member must 
be enlarged, and the automatic transmission as a whole is increased in diameter, 
Therefore an object of the present embodiment is to allow reduction of the diameter, 
and to provide a more compact automatic transmission. 

[0321] According to the present embodiment, enlargement of the diameter of the 
linking member is avoided by locating a clutch C2 with a small capacity on the inner side 
of the transmitting member 130. 
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Sixteenth Embodiment 

[0322] The sixteenth embodiment, which is a partial modification of the fifteenth 
embodiment will now be described with reference to Figs. 24 through 26. Components 
of the sixteenth embodiment which are the same as those of the fifteenth embodiment 
are denoted by the same reference numerals, and description thereof will not be 
repeated, except for modifications. 

[0323] As illustrated in Fig. 24, the automatic transmission l^g of the sixteenth 
embodiment differs with regard to the configuration of the second planetary gear unit 
PR and the clutch C3, as compared to the automatic transmission l^g of the fifteenth 
embodiment (see Fig. 21). 

[0324] In this sixteenth embodiment the clutch C3 is located on the planetary 
gear unit PU side (left side of diagram) of the second planetary gear unit PR. The inner 
surface of a front portion of the drum 125 of this clutch C3 is splined to the friction 
plates 73, which are intermeshed with friction plates splined to the hub unit 126. The 
drum 125 is connected to the input shaft 2, and the hub unit 126 is connected to the sun 
gear S1. The clutch C2 includes a hydraulic servo 12, friction plates 72, a drum 123, 
and a hub unit 124 and is located radially inward of the clutch C3. Thus, clutch C2 is 
enclosed within the hub unit 126. 
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[0325] On radially outer side of the second planetary gear unit PR is a multi-disc 
brake B1 that comprises a hydraulic servo 14 and friction plates 74. The side plate of 
the carrier CR1 of this second planetary gear unit PR is fixed to and supported by the 
case 3. Further, the ring gear R1 is connected to the transmitting member 130, and the 
friction plates 74 of the brake B1 are intermeshed with friction plates splined to the outer 
circumferential surface of transmitting member 130 which is connected to the ring gear 
R3. 

[0326] The operations of the automatic transmission 1 will now be described 
with reference to Fig. 24, Fig. 25, and Fig. 26. As with the above-mentioned first 
embodiment, the vertical axes of the speed line diagram illustrated in Fig. 26 indicate 
the speed of each rotary component, and the horizontal axis indicates the 
corresponding gear ratio of these rotary components. Further, regarding the planetary 
gear unit PL) section of this speed line diagram, the vertical axis to the farthest 
horizontal edge (the right side of Fig. 26) corresponds to ring gear R3, and moving to 
the left within the diagram, the vertical axes correspond to the ring gear R2 and the 
carrier CR3, the carrier CR2, and the sun gear S2 and the sun gear S3. Further, 
regarding the second planetary gear unit PR section of this speed line diagram, the 
vertical axis to the farthest horizontal edge (the right side of Fig. 26) corresponds to sun 
gear SI , and moving to the left within the diagram, the vertical axes correspond to the 
ring gear R1 and the carrier CR1 . Further, the widths between these vertical axes are 
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inversely proportional to the number of teeth of each of the sun gears S1, S2, S3, and to 
the number of teeth of each of the ring gears R1 , R3. Again, the clotted horizontal line 
represents the rotation transmitted by the transmitting member 130. 

[0327] As illustrated in Fig. 24, by engaging the clutch C3, the rotation of the 
input shaft 2 is input to the sun gear S1 . Further, the carrier CR1 is fixed to the case 3, 
and the ring gear R1 rotates at a reduced speed based on the rotation of the input shaft 
2 input to sun gear S1 . In other words, by engaging the clutch C3, the reduced speed 
rotation of the ring gear R1 is input to the ring gear R3 via the transmitting member 130. 

[0328] As illustrated in Fig. 25 and Fig. 26, within the second planetary gear unit 
PR, in third speed fonward, fifth speed fonfl/ard, and first speed reverse, the rotation of 
the input shaft 2 is input to the sun gear S1 by engaging the clutch C3, the reduced 
speed rotation is output to the ring gear R3 through the fixed carrier CR1 , and the 
reduced speed rotation is input to the ring gear R3 via the transmitting member 130. At 
this time, the ring gear R1 and the ring gear R3 are rotating at a reduced speed, and 
therefore the transmitting member 130 transmits a relatively large torque. On the other 
hand, in first speed forward, second speed fonward, fourth speed forward, and sixth 
speed forward, the rotation of the ring gear R3 is input to the ring gear R1 via the 
transmitting member 130, and further, because clutch C3 is released, as illustrated in 
Fig. 7, the sun gear S1 rotates in accordance with the speed of ring gear R1 . 
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[0329] The operations of the second planetary gear unit PR are similar to those 
of the above-described fifteenth embodiment (see Fig. 22 and Fig. 23). and accordingly 
description thereof will be omitted. 

[0330] In the automatic transmission l^g of this sixteenth embodiment, because 
the second planetary gear unit PR and the clutch C2 are located on one side of the first 
planetary gear unit PU, and the clutch C1 is located on the axially opposite side of the 
first planetary gear unit PU, the planetary gear units PR and PU can be located more 
closely together, compared to a transmission wherein, for example, two clutches C1 and 
C2 are located between the planetary gear units PR and PU, and the transmitting 
member 130 can be made relatively shorter. Thus, the automatic transmission can be 
made more compact and more lightweight. Further, because the Inertia (inertial force) 
can be reduced, the controllability of the automatic transmission can be increased, and 
the occurrence of speed change shock can be reduced. Further, compared to a 
transmission wherein three clutches C1 , C2, C3 are located on one side of the first 
planetary gear unit PU, the oil lines (for example, 2a, 2b, 91, 93, 94) that supply the 
hydraulic servos 11,12, and 1 3 of these clutches CI , C2, C3 can be more easily 
constructed, the manufacturing process can be simplified and the costs can be reduced. 

[0331] Further, since the hydraulic servos 1 1 and 12 are mounted on the input 
shaft 2, one set of seal rings 81 and 82 seal the case 3 to the input shaft 2 for supply of 
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oil to the oil lines 2a and 2b, and therefore oil can be supplied to the oil chambers of 
hydraulic servos 1 1 and 12 without providing seal rings between, for example, the input 
shaft 2 and the hydraulic servos 1 1 and 12. Further, the hydraulic servo 13 can receive 
supply of oil directly from the boss 3a extended from the case 3, without passing 
through other elements. Therefore, oil can be supplied simply by providing one set of 
seal rings 81 and 82, 84 for each of the hydraulic servos 11,12, and 13, sliding 
resistance from the seal rings can be minimized, and therefore the efficiency of the 
automatic transmission can be improved. 

[0332] Further, the clutch CI engages at the relatively slow to medium speeds of 
first speed forward, second speed fonrt/ard, third speed forward, and fourth speed 
forward, and therefore when this clutch CI is released at the relatively high speeds of 
fifth speed forward, sixth speed forward, and first speed reverse, the hub unit 122 that 
connects clutch CI and the sun gear S2 rotates at a relafively high speed or in reverse 
(see Fig. 3). On the other hand, in the fifth speed forward and first speed reverse the 
transmitting member 130 rotates at a reduced speed, and in sixth speed fonward the 
transmitting member 130 may be fixed in some cases, whereby the speeds of the hub 
unit 122 and the transmitting member 130 may differ. However, because clutch 01 is 
located on the side of the first planetary gear unit PU opposite the second planetary 
gear unit PR, the hub unit 122 and the transmitting member 130 can be spaced apart 
from one another. As compared with a transmission wherein, for example, these 
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members are in contact due to a multi-axial configuration, decreased efficiency of the 
automatic transmission resulting from friction and so forth from the relative rotation of 
those units can be avoided. 

[0333] Further, if the clutch C3 is placed between the ring gear R1 and the sun 
gear S3, for example, the reduced speed rotation must be engaged and disengaged, 
and the clutch C3 must be relatively large, but by placing clutch C3 between the input 
shaft 2 and the sun gear S1 , the engaging and disengaging of clutch C3 indirectly 
controls transmission of the reduced speed rotation from the ring gear R1 of the second 
planetary gear unit PR, the clutch C3 can be made more compact, and therefore the 
automatic transmission can be made more compact. 

[0334] Further, the automatic transmission 1 of this sixteenth embodiment is 
directly coupled in fourth speed forward. Therefore, in fifth speed forward and sixth 
speed foHA^ard, the gear ratio can be a high ratio, and when the vehicle is running at a 
high speed, the engine speed can be reduced, and the vehicle can run more quietly at a 
high speed. 

[0335] If a clutch is located between the planetary gear units PR and PU, the 
length of the transmitting member that links the planetary gear units PR and PU must be 
axially elongated, and since this transmitting member transmits the reduced speed 

122 



AW02-0861-1US 



rotation, the thickness of the transmitting member must be increased, and therefore the 
weight also increases. Therefore an object of the present invention is to provide an 
automatic transmission that can shorten the distance between the planetary gear units 
and thereby reduce the weight. 

[0336] In the present embodiment, the clutch C2 is disposed on the side of the 
first planetary gear unit PU opposite the second planetary gear unit PR, and therefore a 
clutch between the planetary gear units PR and PU is not necessary, and the length of 
the transmitting member 130 can be shorter. Therefore, the weight of the automatic 
transmission as a whole can be reduced. 

Seventeenth Embodiment 

[0337] A seventeenth embodiment, which is a partial modification of the fifteenth 
embodiment will now be described with reference to Fig. 27 through Fig. 29. 
Components of the seventeenth embodiment which are the same as those of the 
fifteenth embodiment are denoted by the same reference numerals, and description 
thereof omitted, except for the modifications. 

[0338] As Fig. 27 illustrates, the automatic transmission 1^7 of the seventeenth 
embodiment differs from the fifteenth embodiment with respect to the configuration of 
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the clutch C2, and in use of a brake B3 instead of a clutch C3, whereby the carrier CR1 
of the second planetary gear unit PR can be fixed by the brake B3. 

[0339] Within the automatic transmission the brake B3 is located on the 
second planetary gear unit PR, on the side (left side on the diagram) opposite the 
planetary gear unit PU. This brake 83 comprises a hydraulic servo 16, friction plates 
76, and a hub unit 133. Further, the clutch C2, comprising a hydraulic servo 12, friction 
plates 72, a drum 123, and a hub unit 124, is located radially inward of the brake 83 and 
within the hub unit 133. The hub unit 133 of brake 83 is connected to one side plate of 
the carrier CR1 , and the other side plate of the carrier CR1 is rotatably supported by the 
input shaft 2. Further, the sun gear SI is connected to the input shaft 2 via the drum 
123 of the clutch C2. The friction plates 74 of the brake 81 are intermeshed with friction 
plates splined to the outer circumferential surface of the ring gear R1 , and this ring gear 
R1 is connected by the transmitting member 130 to the sun gear S3. 

[0340] The operations of the automatic transmission ^„ will now be described 
with reference to Fig. 27, Fig. 28, and Fig. 29 below. Now, as with the above-mentioned 
first embodiment, the vertical axes of the speed line diagram illustrated in Fig. 29 
indicate the speeds of each rotary component, and the horizontal axis indicates the 
corresponding gear ratio of these rotary components. In the planetary gear unit PU 
section of this speed line diagram, the vertical axis to the farthest horizontal edge (the 
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right side of Fig. 29) corresponds to ring gear R3, and moving to the left within the 
diagram, the vertical axes correspond to the ring gear R2 and the carrier CR3, the 
carrier CR2, and the sun gears S2 and S3. Further, in the second planetary gear unit 
PR section of this speed line diagram, the vertical axis to the farthest horizontal edge 
(the right side of Fig. 29) corresponds to sun gear S1 , and moving to the left within the 
diagram, the vertical axes correspond to the ring gear R1 and the carrier CR1 . Further, 
the widths between these vertical axes are inversely proportional to the number of teeth 
of each of the sun gears S1 , S2, S3, and to the number of teeth of each of the ring 
gears R1, R3. Again, the horizontal dotted line in the diagram represents the rotation 
transmitted by the transmitting member 130. 

[0341] As Fig. 27 illustrates, by engaging the brake B3. the carrier CR1 is fixed 
to the case 3. Further, the rotation of the input shaft 2 is input to the sun gear S1 , and 
the ring gear R1 rotates at reduced speed rotation based on the rotation of input shaft 2 
which is input to this sun gear SI , with the carrier CR1 fixed. In other words, by 
engaging the brake B3, the reduced speed rotation of the ring gear R3 is input to the 
sun gear S3 via the transmitting member 130. 

[0342] As Fig. 28 and Fig. 29 illustrate, with regard to the second planetary gear 
unit PR, in third speed fonward, fifth speed fonward, and first speed reverse, the rotation 
of the input shaft 2 is input to the sun gear SI by engagement of the brake B3 to fix the 
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carrier CR1, and the reduced speed rotation is output to the ring gear R3 by the rotation 
of the sun gear S1 which receives input of the rotation of the input shaft 2, and the 
reduced speed rotation is input to the sun gear S3 via the transmitting member 130. In 
this case, the ring gears R1 and R3 are rotating at the reduced speed, and therefore the 
transmitting member 130 transmits a relatively large torque. On the other hand, at first 
speed fonrt^ard, second speed fonA^ard, fourth speed forward, and sixth speed forward, 
the rotation of the ring gear R3 is input to the ring gear R1 via the transmitting member 
130, and further, because the brake B3 is released, as Fig. 29 illustrates, the carrier 
CR1 rotates within the speed range of this ring gear R1 and the sun gear SI . 

[0343] The operations of the second planetary gear unit PR are similar to those 
of the fifteenth embodiment (see Fig. 22 and Fig. 23), and accordingly description 
thereof will not be repeated here. 

[0344] In the automatic transmission 1^7 of this seventeenth embodiment, due to 
the second planetary gear unit PR and the clutch C2 being located on one side of the 
planetary gear unit PL), and the clutch C1 being located on the axially opposite side of 
the planetary gear unit PU, the second planetary gear unit PR and the planetary gear 
unit PU can be located more closely together, as compared to a transmission wherein, 
for example, two clutches CI and C2 are disposed between the planetary gear units PR 
and PU, and the transmitting member 130 can be made relatively shorter. By doing so, 
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the automatic transmission can be made more compact and more lightweight. Further, 
because the inertia (inertia! force) can be reduced, the controllability of the automatic 
transmission can be increased, and the occurrence of speed change shock can be 
reduced. 

[0345] Further, since the hydraulic servos 1 1 and 12 are mounted on the input 
shaft 2, one set of the seal rings 81 and 82 seal the case 3 to the input shaft 2 for 
supply of oil to the oil lines 2a and 2b provided within input shaft 2, and therefore oil can 
be supplied to the oil chambers of hydraulic servos 1 1 and 12 without providing seal 
rings between, for example, the input shaft 2 and the hydraulic servos 1 1 and 12. 
Therefore, oil can be supplied simply by providing one set of the seal rings 81 and 82 
for each of the hydraulic servos 1 1 and 12, sliding resistance from the seal rings can be 
minimized, and therefore the efficiency of the automatic transmission can be improved. 

[0346] Further, the clutch CI engages at the relatively slow to medium speeds of 
first speed forward, second speed fonA/ard, third speed forward, and fourth speed 
fonrt^ard, and therefore when this clutch CI is released at the relatively high speeds of 
fifth speed forward, sixth speed forward, or first speed reverse, the hub unit 122 that 
connects this clutch CI and the sun gear S2 rotates at a relatively high speed or in 
reverse (see Fig. 3). On the other hand, in fifth speed forward and first speed reverse 
the transmitting member 130 rotates at reduced speed, and in sixth speed fonA^ard the 
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transmitting member 130 may be fixed in some cases, and accordingly the speeds of 
tfie hub unit 122 and the transmitting member 130 can differ. However, because clutch 
C1 is located on the side of the first planetary gear unit PU opposite the second 
planetary gear unit PR, the hub unit 122 and the transmitting member 130 can be 
spaced apart from one another. In comparison with a transmission wherein, for 
example, these members are in contact due to a multi-axial configuration, decreased 
efficiency of the automatic transmission resulting from friction and so forth from the 
relative rotation of those units can be avoided. 

[0347] Further, since the reduced speed rotation output to the first planetary 
gear unit PU from the second planetary gear unit PR is engaged and disengaged by the 
brake B3, the number of components (for example drums and so forth) can be reduced 
as compared to an embodiment including, for example, clutch C3. Further, the brake 
B3 can receive oil supply directly from the case 3, and therefore the configuration of the 
oil line can be simplified as compared to the case wherein, for example, a clutch C3 is 
provided. 

[0348] The automatic transmission 1^7 of this seventeenth embodiment is directly 
coupled in fourth speed forward. Therefore, in fifth speed forward and sixth speed 
forward, the gear ratio can be a high ratio, and particularly when the vehicle is running 
at a high speed, the engine speed can be reduced, whereby the vehicle will run more 
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quietly at a high speed. 

[0349] In this seventeenth embodiment, because the clutch C2 is disposed on 
the side of the first planetary gear unit PU opposite the second planetary gear unit PR, 
provision of a clutch between the second planetary gear unit PR and the first planetary 
gear unit PU is not necessary, and the length of the transmitting member 130 can be 
shorter. Therefore, the weight of the automatic transmission as a whole can be less. 

Eighteenth Embodiment 

[0350] An eighteenth embodiment, which is a partial modification of the first 
through the seventeenth embodiments will now be described, with reference to Fig. 30 
through Fig. 32. Components of the eighteenth embodiment which are the same as 
those of the first embodiment are denoted by the same reference numerals, and 
description will be omitted, except for modifications. 

[0351] As illustrated in Fig. 30, the automatic transmission 1,8 of the eighteenth 
embodiment comprises a first planetary gear unit PU and a second planetary PR on the 
input shaft 2. The first planetary gear unit PU is a multiple type planetary gear unit, 
which comprises a sun gear S2, a carrier CR2, a ring gear R2, and a sun gear S3, a 
total of four rotary components. The carrier CR2 supports a long pinion PL, that 
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meshes with the sun gear S3 and the ring gear R2, and a short pinion PS that meshes 
with the sun gear S3, with pinions PL and PS meshed one to another. Further, the 
second planetary gear unit PR is a double pinion planetary gear unit that has a carrier 
CR1 supporting a pinion Pb, which is meshed with a ring gear R1, and a pinion Pa, 
which is meshed with a sun gear S2, with the pinions Pa and Pb meshed one to 
another. 

[0352] On the input shaft 2 is a multi-disc clutch (second clutch) C2 on the inner 
circumference side, which comprises a hydraulic servo 12, friction plates 72, a clutch 
drum 223, and a hub unit 224 linked to the sun gear S2. A multi-disc brake B2, located 
on the outer circumference side, comprises a hydraulic servo 15, and friction plates 75 
that are intermeshed with friction plates splined to the hub unit 224. 

[0353] The oil chamber of this hydraulic servo 12 extends from one end of the 
case 3, and is connected to an oil line 91 of the boss 3a which is formed as a sleeve on 
the input shaft 2. Also, this oil line 91 connects to an oil pressure control unit not 
illustrated. Because the hydraulic servo 12 is mounted on the boss 3a, an oil line from 
the oil pressure control unit, not illustrated, is connected to the oil chamber of the 
hydraulic servo 12 by one set of seal rings 81 which provide a seal between boss unit 
3a and the clutch drum 223. 
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[0354] Further, the above-mentioned input shaft 2 is connected to the clutch 
drum 223 and the inner surface of a front portion of this drum 223 is splined to friction 
plates 72 of the clutch C2 which is operated by the hydraulic servo 12. Further, hub unit 
224 is connected to the sun gear S2. Further, the brake B2 has friction plates 75 
intermeshed with friction plates splined to the outer circumferential surface of the drum 
224, engaged by operation of hydraulic servo 1 5. 

[0355] At the other end (the left of the diagram) of the Input shaft 2 is a multi-disc 
clutch (first clutch) C3 which comprises a hydraulic servo 13, friction plates 73, a clutch 
drum 225, and a hub unit 226. Friction plates 73 are splined to the inner surface of a 
front portion of the clutch drum 225, and are intermeshed with friction plates splined to 
the outer surface of a front portion of the hub unit 226 which is connected to the carrier 
CR2. 

[0356] The oil chamber of this hydraulic servo 13 is connected through an oil line 
2b which is formed on the input shaft 2 to oil line 93 of the boss 3b which, in turn, is 
connected to the oil pressure control unit. Therefore, by providing one set of seal rings 
81 to seal between the boss 3b and the drum 225, an oil line from the oil pressure 
control device is connected to the oil chamber of the hydraulic servo 13. 

[0357] Mounted on the boss 3b is a multi-disc clutch (third clutch) CI comprising 
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a hydraulic servo 1 1 , friction plates 71 , and a drum 221 . The oil chamber of the 
hydraulic servo 1 1 is connected to the oil line 94 of the boss unit 3b, and through oil line 
94 to the oil pressure control unit. 

[0358] The boss unit 3b rotatably supports the drum 221 and a front portion of 
the inner surface of drum 221 is splined to the friction plates 71 of the clutch CI 
engaged by the hydraulic servo 1 1 . Around the outer circumference of this clutch C1 is 
a hub unit 222 on which is formed the ring gear R1 . This hub unit 222 is rotatably 
supported by the input shaft 2. Carrier CR1 supports a pinion Pb meshed with the ring 
gear R1 and a pinion Pa meshed with the sun gear SI which is connected to the input 
shaft 2. This carrier CR1 is fixed to the boss 3b of the case 3, via a side plate. 

[0359] Also, the drum 221 , to which the above-mentioned clutch CI is splined, is 
rotatably supported by the boss 3b, and is connected to a transmitting member 230 for 
transmitting the rotation of the ring gear R1 , when the clutch CI is engaged, to the sun 
gear S3 of the first planetary gear unit PU. 

[0360] Around the outer circumference of the first planetary gear unit PU is a 
multi-disc brake B1 that comprises a hydraulic servo 14, friction plates 74, and a hub 
unit 228. A side plate of the carrier CR2 of the first planetary gear unit PU is connected 
to a hub unit 228 to which friction plates of the above-mentioned brake B1 are splined. 
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Further, this hub unit 228 is connected to the inner race of a one-way clutch F1 . The 
short pinion PS of this carrier CR2 meshes with the sun gear S3. Further, the sun gear 
82 and ring gear R2 mesh with the long pinion PL. Transmitting member 227 connects 
one edge of ring gear R2 to the counter gear 5. 

[0361] As described above, the second planetary gear unit PR and the clutches 
C1 and C3 are located on one side of the first planetary gear unit PL), and the clutch C2 
and the counter gear 5 are located on the axially opposite side (right side of the 
diagram) of the first planetary gear unit PU. Further, the clutch C3 is arranged radially 
inward of the clutch C1 and radially inward of the transmitting member 230 that 
transmits the output thereof. Further, brake B2 is located around the outer 
circumference of the clutch C2, and the brake B1 is located around the outer 
circumference of the first planetary gear unit PU. 

[0362] Operations of the automatic transmission 1 of the eighteenth 
embodiment will now be described with reference to Fig. 30, Fig. 31 , and Fig. 32 below. 
The vertical axes of the speed line diagram illustrated in Fig. 32 indicate the speed of 
the various rotary components, and the horizontal axis indicates the corresponding gear 
ratio of these rotary components. Further, in the first planetary gear unit PU section of 
this speed line diagram, the vertical axis to the farthest horizontal edge (the right side of 
Fig. 32) corresponds to sun gear S3, and moving to the left within the diagram, the 
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vertical axes correspond to the ring gear R2, thie carrier CR2, and the sun gear S2. 
Further, in the second planetary gear unit PR section of this speed line diagram, the 
vertical axis to the farthest horizontal edge (the right side of Fig. 32) corresponds to the 
sun gear S1 , and moving to the left within the diagram, the vertical axes correspond to 
the ring gear R1 and the carrier CR1 . Further, the widths between these vertical axes 
are inversely proportional to the number of teeth of each of the sun gears S1 , S2, S3, 
and to the number of teeth of each of the ring gears R1 , R3. Again, the horizontal 
dotted line in the diagram represents the rotation transmitted by the transmitting 
member 230. 

[0363] As illustrated in Fig. 30, the rotation of the input shaft 2 is input to the 
above-mentioned sun gear S2 by engaging the clutch C2, and the sun gear S2 can be 
fixed by engagement of the braise B2. The rotation of the input shaft 2 is input to the 
carrier CR2, by engaging the clutch C3, and the carrier C2 can be fixed by engagement 
of the brake B1 . Further, rotation in one direction is controlled by the one-way clutch 
F1. 

[0364] The sun gear S1 is connected to and receives input from the input shaft 
2, the carrier CR1 is connected to the case 3 whereby its rotation is fixed, and therefore 
the ring gear R1 rotates at a reduced speed. Further, by engaging the clutch C1, the 
reduced speed rotation of ring gear R1 is input to the sun gear S3. Also, the rotation of 

134 



AW02-0861-1US 

the ring gear R2 is output to the drive wheels through this counter gear 5, a counter 
shaft unit not illustrated, and a differential unit. 

[0365] In first speed forward within the D (drive) range, as illustrated in Fig. 31 , 
the clutch C1 and the one-way clutch F1 are engaged. Then, as illustrated in Fig. 32, 
the reduced speed rotation of the ring gear R1 is input to the sun gear S3 via the clutch 
C1 and the transmitting member 230. Further, the rotation of the carrier CR2 is limited 
to one direction (the fonA/ard rotation direction) by the one-way clutch F1 . Then, the ring 
gear R2 rotates in first speed forward, derived from the reduced speed rotation input to 
the sun gear S2 and the fixed state of carrier CR2, and this rotation at first speed 
forward is output from the counter gear 5. 

[0366] For downshifting (when coasting), the brake B1 is engaged to fix the 
carrier CR2, and the above-described state of first speed fonward is maintained while 
preventing forward rotation of carrier CR2. Further, In first speed forward, the one-way 
clutch F1 prevents the carrier CR2 from reverse rotation, and therefore, switching from 
a non-driving range to a driving range and establishing first speed forward can be 
accomplished more smoothly by the automatic engagement of the one-way clutch. In 
this first speed forward, because the sun gear S3 and the ring gear R1 are rotating at a 
reduced speed, the transmitting member 230 transmits a relatively large torque. 
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[0367] In second speed forward within the D (drive) range, as illustrated in Fig. 
31, the clutch C1 and the brake B2 are engaged. Then, as illustrated in Fig. 32, the 
reduced speed rotation of the ring gear R1 is input to the sun gear S3 via the clutch C1 
and the transmitting member 230, and the rotation of the sun gear S2 is fixed by the 
brake B2. By doing so, the carrier CR2 rotates at a slightly reduced speed, and driven 
by the reduced speed rotations input to the sun gear S3 and this slightly reduced 
rotation of the carrier CR2, the ring gear R2 rotates at second speed forward, which 
rotation is output to the counter gear 5. Also in this case, because the sun gear S3 and 
the ring gear R1 are rotating at a reduced speed, the transmitting member 230 transmits 
a relatively large torque. 

[0368] In third speed forward within the D (drive) range, as illustrated in Fig. 31, 
the clutch CI and the clutch C2 are engaged. Then, as illustrated in Fig. 32, the 
reduced speed rotation of the ring gear R1 is input to the sun gear S3 via the clutch CI 
and the transmitting member 230, and also the rotation of the input shaft 2 Is input to 
the sun gear S2 by engaging the clutch C2. Further, with the rotation of the input shaft 
2 input to the sun gear S2 and the reduced speed rotation of the sun gear S3, the 
carrier CR2 has slightly slower speed than the sun gear S3. Further, from the input 
rptation of the sun gear S2 and the reduced speed rotation of the sun gear S3, the ring 
gear R2 is rotated at third speed forward, and this rotation is output from the counter 
gear 5. In this case also, because the sun gear S3 and the ring gear R1 are rotating at 
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a reduced speed, the transmitting member 230 transmits a relatively large torque. 

[0369] In fourth speed forward within D (drive) range, as illustrated in Fig. 31, the 
clutch C1 and the clutch C3 are engaged. Then, as illustrated in Fig. 32, the reduced 
speed rotation of the ring gear R2 is input to the sun gear S3 via the clutch C1 and the 
transmitting member 230, and also the rotation of the input shaft 2 is input to the carrier 
CR2 via the clutch C3. Then, driven by the rotation of input shaft 2 input to the carrier 
CR2 and by the reduced speed rotation of the sun gear S3, the ring gear R2 rotates at 
fourth speed forward, and this rotation is output from the counter gear 5. In this case 
also, because the sun gear S3 and the ring gear R1 are rotating at a reduced speed, 
the transmitting member 230 transmits a relatively large torque. 

[0370] In fifth speed forward within the D (drive) range, as illustrated in Fig. 31 , 
the clutch C2 and the clutch C3 are engaged. Then, as illustrated in Fig. 32, the 
rotation of input shaft 2 is input to the carrier CR2 via the clutch C3, and also the 
rotation of the input shaft 2 is input to the sun gear S2 via the clutch C2. Then, with the 
rotation of the input shaft 2 input to the sun gear S2 and to the carrier CR2, the ring 
gear R2 is in a direct-connect rotating state, and rotates at fifth speed forward, i.e. at the 
same speed as the input shaft 2, and this rotation is output from the counter gear 5. 

[0371] In sixth speed forward within the D (drive) range, as illustrated in Fig. 31, 
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the clutch C3 and the brake B2 are engaged. Then, as illustrated in Fig. 32, the rotation 
of the input shaft 2 is input to the carrier CR2 via the clutch C3, and the sun gear S2 is 
fixed by engagement of the brake B2. Then, with the rotation of the input shaft 2 Input 
to the carrier CR2 and the sun gear S2 fixed, the ring gear R2 rotates at sixth speed 
forward, and this rotation is output from the counter gear 5. 

[0372] In first speed reverse within the R (reverse) range, as illustrated in Fig. 
31 , the clutch C2 and the brake B1 are engaged. Then, as illustrated in Fig. 32, the 
rotation of the input shaft 2 is input to the sun gear S2 by engaging the clutch C2, and 
the carrier CR2 is fixed by engagement of the brake 81 . Then, with the rotation of the 
input shaft 2 input to the sun gear S2 and the carrier CR2 fixed, the ring gear R2 rotates 
at first speed reverse, and this rotation is output to the counter gear 5. 

[0373] In P (parking) range and N (neutral) range, the clutches C1 , C2, and C3 
are released, the input shaft 2 is disconnected from the counter gear 5, and the 
automatic transmission 1 as a whole is in an idle state (neutral state). 

[0374] As described above, in the automatic transmission l^g of the eighteenth 
embodiment, because the second planetary gear unit PR and the clutch C3 are located 
on one side of the first planetary gear unit PL), and the clutch C2 is located on the 
axially opposite side of the first planetary gear unit PU, the planetary gear units PR and 
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PL) can be located more closely together, as compared, for example, to an embodiment 
wherein two clutches C2 and C3 are located between the planetary gear units PR and 
PU, and the transmitting member 230 can be relatively shorter. In this manner, the 
automatic transmission can be made more compact and more lightweight. Further, 
because the inertia (inertial force) can be reduced, the controllability of the automatic 
transmission can be increased, and the occurrence of speed change shock can be 
reduced. Further, compared to an embodiment wherein three clutches C1 , C2, C3 are 
located on one side of the first planetary gear unit PU, the oil lines (for example, 2b, 91 , 
93, 94) that supply the hydraulic servos 1 1 , 1 2, and 1 3 of these clutches C1 , C2, C3 can 
be more easily constructed, the manufacturing process can be simplified, and the costs 
can be reduced. 

[0375] Further, since the hydraulic servo 13 is provided on the input shaft 2, one 
set of seal rings 82 form a seal between the case 3 and input shaft 2 to supply oil 
through the oil line 2b provided within input shaft 2 to the oil chamber of hydraulic servo 
13, without providing seal rings between, for example, the input shaft 2 and the 
hydraulic servo 13. Further, hydraulic servos 11 and 12 can receive supply of oil 
directly from the bosses 3a, 3b without passing through other components. Therefore, 
oil can be supplied simply by providing one set of seal rings 81 , 82, and 84 for each of 
the hydraulic servos 11, 12, and 13, and sliding resistance from the seal rings can be 
minimized, and therefore the efficiency of the automatic transmission can be improved. 
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[0376] Further, since the clutch C3 is radially inward of the clutch C1, the clutch 
C1 , which must transmit a relatively large torque at the reduced speed, can be located 
on the outer circumference side, and this clutch C1 and the hydraulic servo 1 1 thereof 
can have an Increased diameter. Particularly, the pressure-receiving area of the oil 
chamber of the hydraulic servo 1 1 can be enlarged, and the torque transmission 
capacity of this clutch C1 can thereby be increased. By designing the clutch C3 to have 
a smaller torque transmission capacity as compared to the clutch C1, the automatic 
transmission can be made more compact. 

[0377] Further, because clutch C2 engages in first speed reverse, the hub unit 
224 that connects this clutch C2 and the sun gear S2 rotate at the same speed as the 
input shaft 2, while the transmitting member 230 rotates in the opposite direction, and 
accordingly there is a great difference between the rotational speed of the transmitting 
member 230 and that of the hub unit 224, but due to clutch C2 being located on the side 
of the first planetary gear unit PU opposite the second planetary gear unit PR, the 
transmitting member 230 and the hub 224 can be spaced apart from one another. 
Compared to the case wherein, for example, those parts come into contact due to a 
multiple axis construction, the decreased efficiency of the automatic transmission 
caused by the friction produced by the relative rotation between those parts can be 
avoided. 
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[0378] Further, the automatic transmission I^q according to this eighteenth 
embodiment is directly coupled in fifth speed forward. Therefore, at first speed forward 
and fourth speed forward, the gear ratio can be more precisely set, and particularly 
when the vehicle is running at a high speed, the engine speed can be reduced and fuel 
economy of the vehicle while running at a low to medium speed can be improved. 

[0379] The transmitting member for linking the planetary gear units PR and PU 
requires rigidity to withstand the reduced speed torque that it transmits. For example, in 
the case of a clutch that engages at a slow to medium speed and a clutch that engages 
and disengages reduced speed rotation located on the inner circumference side of the 
linking member, the clutch must have a large capacity, and therefore a diameter 
appropriately corresponding to this capacity becomes necessary. Therefore, in the 
event that the transmitting member is the type that passes on the radially outer 
circumference side of this clutch, an even larger diameter becomes necessary, the 
diameter of the transmitting member must be further enlarged, and the automatic 
transmission as a whole must have a greater diameter. Therefore an object of the 
present embodiment is to minimize the diameter, and to thereby provide a compact 
automatic transmission. 

[0380] According to the present embodiment, all clutches can be designed to 
avoid enlarging the diameter of the transmitting (linking) member, by providing a clutch 
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C3 with a small capacity on the radially inner side of the transmitting member 230. 

Nineteenth Embodiment 

[0381] A nineteenth embodiment, which is a partial modification of the 
eighteenth embodiment will now be described with reference to Fig. 33 through Fig. 36. 
Components of the nineteenth embodiment which are the same as those of the 
eighteenth embodiment are denoted by the same reference numerals, and description 
thereof will not be repeated, except for the modifications. 

[0382] As Fig. 33 illustrates, the automatic transmission l^g of the automatic 
transmission of the nineteenth embodiment has the configuration of the clutch C2 
modified, and the construction of the oil line for the hydraulic servo 12 is changed as 
compared to the automatic transmission 1,8 of the eighteenth embodiment (see Fig. 30). 

[0383] Within the automatic transmission 1 ,9, the clutch C1 is located on the side 
of the second planetary gear unit PR, opposite (left side on the diagram) the first 
planetary gear unit PU. A front portion of the inner circumferential surface of the drum 
221 of this clutch C1 is splined to the friction plates 71 which are intermeshed with 
friction plates splined to the hub unit 222. The drum 221 is connected to the input shaft 
2, and the hub unit 222 is connected to the sun gear SI of the second planetary gear 
unit PR. The side plate of the carrier CR1 of this second planetary gear unit PR is fixed 

142 



AW02-0861-1US 

to and supported by the case 3. The ring gear R1 is connected through the transmitting 
member 230 to the sun gear S3. Further, the clutch C3, comprising a hydraulic servo 
13, friction plates 73, a drum 225, and a hub unit 226, is located so as to be enclosed 
within this transmitting member 230. 

[0384] The oil chamber of this hydraulic servo 12 is connected to an oil line 2a 
which is formed on the input shaft 2, and this oil line 2a is connected to the oil line 91 of 
the boss 3a which forms a sleeve around one end of the input shaft 2, and this oil line 
91 is linked to an oil pressure control unit not illustrated. Therefore, simply by providing 
one set of seal rings 81 between the input shaft 2 and the boss 3a, oil communication 
is established between the oil pressure control device and the oil chamber of the 
hydraulic servo 12. 

[0385] The operations of the automatic transmission 1 of the nineteenth 
embodiment will be now described with reference to Fig. 33, Fig. 34, and Fig. 35 below. 
As with the previously described embodiments, the vertical axes of the speed line 
diagram illustrated in Fig. 35 indicate the speeds of the various rotary components, and 
the horizontal axis indicates the corresponding gear ratio of these rotary components. 
In the first planetary gear unit PL) section of this speed line diagram, the vertical axis to 
the farthest horizontal edge (the right side of Fig. 35) corresponds to sun gear S3, and 
moving to the left within the diagram, the vertical axes correspond to the ring gear R2, 
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the carrier CR2, and the sun gear S2. Further, in the second planetary gear unit PR 
section of this speed line diagram, the vertical axis to the farthest horizontal edge (the 
right side of Fig. 35) corresponds to sun gear S1 , and moving to the left within the 
diagram, the vertical axes correspond to the ring gear R1 and the carrier CR1. Further, 
the widths between these vertical axes are inversely proportional to the number of teeth 
of each of the sun gears S1 , S2, S3, and to the number of teeth of each of the ring 
gears R1 , R3. Also, the horizontal dotted line in the diagram represents the rotation 
transmitted by the transmitting member 230. 

[0386] As illustrated in Fig. 33, by engaging the clutch C1 , the rotation of the 
input shaft 2 is input to the sun gear S1 . Further, the carrier CR1 is fixed to the case 3, 
and the ring gear R1 rotates at a reduced speed based on the rotation of the Input shaft 
2 input into sun gear S1 . In other words, by engaging the clutch C1 , the reduced speed 
rotation of the ring gear R1 is input to the sun gear S2 via the transmitting member 230. 

[0387] As illustrated in Fig. 34 and Fig. 35, within the second planetary gear unit 
PR, in first speed fonA/ard, second speed fonA/ard, third speed forward, and fourth speed 
fonward, the rotation of the input shaft 2 is input to the sun gear S1 by engagement of 
the clutch C1 , the reduced speed rotation Is output to the ring gear R3 through the fixed 
carrier CR1 , and the reduced speed rotation is input to the sun gear S3 via the 
transmitting member 230. At this time, the ring gear R1 and the sun gear S3 rotate at a 
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reduced speed, and therefore the transmitting member 230 transmits a relatively large 
torque. On the other hand, in fifth speed fonward, sixth speed fonward, and first speed 
reverse, the rotation of the sun gear S3 is input to the ring gear R1 via the transmitting 
member 230, and further, because the clutch C1 is released, as illustrated in Fig. 35, 
the sun gear S1 rotates based on the speed of ring gear R1 and the fixation of the 
carrier CR1 . 

[0388] The other operations of the nineteenth embodiment are similar to those of 
the eighteenth embodiment (see Fig. 31 and Fig. 32), and accordingly description 
thereof will be omitted. 

[0389] In the automatic transmission l^g of the nineteenth embodiment, due to 
the second planetary gear unit PR and the clutch C3 being located on one side of the 
first planetary gear unit PL), and the clutch C2 being located on the axially opposite side 
of the first planetary gear unit PL), the planetary gear units PR and PL) can be located 
more closely together, as compared to an embodiment wherein, for example, two 
clutches C2 and C3 are located between the planetary gear units PR and PL), and the 
transmitting member 230 can be made relatively shorter. By doing so, the automatic 
transmission can be made more compact and more lightweight. Further, because the 
inertia (inertial force) can be reduced, the controllability of the automatic transmission 
can be increased, and the occurrence of speed change shock can be reduced. Further, 
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compared to the case wherein three clutches C1 , C2, C3 are located on one side of the 
first planetary gear unit PU, the oil lines (for example, 2a, 2b, 91, 93, 94) that supply the 
hydraulic servos 11,12, and 13 of these clutches CI, C2, C3 can be more easily 
constructed, the manufacturing process can be simplified and the costs can be reduced. 

[0390] Further, since the hydraulic servos 12, 13 are provided on the input shaft 
2, one set of seal rings 81 and 82 form a seal with the case 3 for supply oil through the 
oil lines 2a and 2b within input shaft 2 to the oil chambers of hydraulic servos 12, 13, 
without providing the paired seal rings between, for example, the input shaft 2 and the 
hydraulic servos 12, 13. Further, the hydraulic servo 1 1 can receive supply of oil 
directly from the boss 3b without passing through other components, and therefore the 
oil supply can be connected by providing one set of seal rings 84. Therefore, oil can be 
supplied through sets of seal rings 81 and 82, 84 for the hydraulic servos 11,12, and 
13, sliding resistance from the seal rings can be minimized, and therefore the efficiency 
of the automatic transmission can be improved. 

[0391] Further, since the clutch C2 engages for first speed reverse, when this 
clutch 2 is engaged in first speed reverse, the hub unit 224 that connects this clutch C2 
and the sun gear S2 rotates at the same speed as the input shaft 2, while the 
transmitting member 230 rotates in the opposite direction, and therefore the speed 
difference between the transmitting member 230 and the hub unit 224 is large. 
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However, since clutch C2 is located on the side of the first planetary gear unit PU 
opposite the second planetary gear unit PR, the transmitting member 230 and the hub 
224 can be spaced apart from one another. Compared to the case wherein, for 
example, those parts come in contact in a multiple axis construction, the loss of 
efficiency of the automatic transmission caused by the friction produced by the relative 
rotation between those parts can be avoided. 

[0392] If the clutch C1 were to be placed between the ring gear R1 and the sun 
gear S3, for example, the reduced speed rotation must be engaged and disengaged, 
and a larger clutch C1 would be required. However, by placing the clutch C1 between 
the input shaft 2 and the sun gear S1 , the engaging and disengaging of the rotation of 
the input shaft 2 by this clutch C1 indirectly engages and disengages the reduced speed 
rotation output from the ring gear R1 of the second planetary gear unit PR, the clutch 
C1 can be made more compact, and therefore the automatic transmission can be made 
more compact. 

[0393] Further, because the automatic transmission 1-,9 according to the 
nineteenth embodiment is directly coupled in fifth speed forward, in first speed fon/vard 
and fourth speed forward, the gear ratio can be more precisely set for optimum 
efficiency, and particularly when the vehicle is running at a high speed, the engine can 
be operated more efficiently and fuel economy of the vehicle while running at a low to 
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medium speed can also be increased. 

[0394] The transmitting member which links the planetary gear units PR and PL) 
requires rigidity to withstand the reduced speed torque that is input. In the case of a 
clutch that engages at a slow to medium speed and in the case of a clutch that engages 
and disengages at reduced speed and is located radially inward of the transmitting 
member, the clutch must have a large capacity and therefore a large diameter to 
provide the required capacity. Therefore, in the event that the transmitting member 
passes on the radially outer side of such a clutch, the diameter necessary for the clutch 
becomes even larger, the diameter of the transmitting member is enlarged more than 
necessary, and the automatic transmission as a whole has a greater diameter. 
Therefore an object of the present embodiment is to avoid the need for enlargement of 
the diameter, and to provide a more compact automatic transmission. 

[0395] In this nineteenth embodiment, all clutches can be configured so as to 
avoid enlargement of the diameter of the transmitting member, because clutch C3 with 
a small capacity is provided radially inward of the transmitting member 230. 

Twentieth Embodiment 

[0396] The twentieth embodiment, which is a partial modification of the 
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eighteenth embodiment will now be described with reference to Fig. 36 through Fig. 38. 
Components of the twentieth embodiment which are the same as those of the 
eighteenth embodiment are denoted by the same reference numerals, and description 
thereof omitted, except for the modified features. 

[0397] As Fig. 36 illustrates, the automatic transmission I20 of the twentieth 
embodiment comprises a brake B3 instead of a clutch C1 , and enables the carrier CR1 
of the second planetary gear unit PR to be fixed by the brake B3, and further differs 
from the eighteenth embodiment in the construction of the oil line for the hydraulic servo 
12 of the second planetary gear unit PR. 

[0398] Within this automatic transmission Ijo, the brake B3 is located on the side 
of the second planetary gear unit PR opposite (left side on the diagram) the first 
planetary gear unit PU. This brake 83 comprises a hydraulic servo 16, friction plates 
76, and a hub unit 233. 

[0399] The hub unit 233 of brake 83 is connected to the side plate on one side 
of the carrier CR1 , and this carrier CR1 is rotatably supported by the input shaft 2 or the 
boss 3a. The sun gear SI is connected to the input shaft 2. Ring gear R1 is connected 
to the sun gear S3 via transmitting member 230. 
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[0400] The oil chamber of the hydraulic servo 12 Is connected to an oil line 2a 
which is formed on the input shaft 2. This oil line 2a, in turn, is connected to the oil line 
91 which is connected to an oil pressure control unit not illustrated. Therefore, for 
hydraulic servo 1 1 , simply by providing one set of seal rings between the input shaft 2 
and the boss unit 3a of the case 3, the oil supply is connected from the oil pressure 
control device to the oil chamber of the hydraulic servo 12. 

[0401] Operations of the automatic transmission Ijo of the twentieth embodiment 
will now be described with reference to Fig. 36, Fig. 37, and Fig. 38. Now, as with the 
previously described embodiments, the vertical axes of the speed line diagram 
illustrated in Fig. 38 indicate the respective speeds of the various rotary components, 
and the horizontal axis represents the corresponding gear ratios of these rotary 
components. In the first planetary gear unit PU section of this speed line diagranri, the 
vertical axis to the farthest horizontal edge (the right side of Fig. 38) corresponds to sun 
gear S3 and, moving to the left within the diagram, the vertical axes correspond to the 
ring gear R2, the carrier CR2, and the sun gear S2. Further, in the second planetary 
gear unit PR section of this speed line diagram, the vertical axis to the farthest 
horizontal edge (the right side of Fig. 38) corresponds to sun gear SI and, moving to 
the left within the diagram, the vertical axes correspond to the ring gear R1 and the 
carrier CR1 . Further, the widths between these vertical axes are inversely proportional 
to the number of teeth of each of the sun gears SI , S2, S3, and to the number of teeth 
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of each of the ring gears R1 , R3. Also, the horizontal dotted line in the diagram 
represents the rotation transmitted from the transmitting member 230. 

[0402] As Fig. 36 illustrates, by engaging the brake B3, the carrier CR1 is fixed 
to the case 3. Further, the rotation of the input shaft 2 is input to the sun gear S1 , and 
the ring gear R1 rotates at a reduced speed because this carrier CR1 is fixed. In other 
words, by engaging the brake B3, the reduced speed rotation of the ring gear R1 is 
input to the sun gear S3 via the transmitting member 230. 

[0403] In this manner, as Fig. 37 and Fig. 38 illustrate, in the second planetary 
gear unit PR, in first speed forward, second speed fonward, third speed fonward, and 
fourth speed forward, the rotation of the input shaft 2 Is input to the sun gear S1 by 
engaging the brake B3, the carrier CR1 is fixed, the reduced speed rotation is output to 
the ring gear R3 by the rotation of the sun gear S1, and the reduced speed rotation is 
input to the sun gear S3 via the transmitting member 230. In this case, the ring gear R1 
and the sun gear S3 are rotating at reduced speed, and therefore the transmitting 
member 230 transmits a relatively large torque. On the other hand, in fifth speed 
foHA/ard, forward speed level, and first speed reverse, the rotation of the sun gear S3 is 
input to the ring gear R1 via the transmitting member 230, and further, because the 
brake B3 is released, as Fig. 38 illustrates, the carrier CR1 rotates with the speed of 
ring gear R1 and the sun gear S1 . 
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[0404] The operations of the second planetary gear unit are similar to those of 
the eighteenth embodiment, and accordingly description thereof will be omitted. 

[0405] As described above, in the automatic transmission ^2o of the twentieth 
embodiment, due to the second planetary gear unit PR and the clutch C3 being located 
on one side of the first planetary gear unit PU, and the clutch C2 being located on the 
axially opposite side of the first planetary gear unit PU, the planetary gear units PR and 
PU can be located more closely together, as compared to an embodiment wherein, for 
example, two clutches C2 and C3 are located between the planetary gear units PR and 
PU, and the transmitting member 230 for transmitting reduced speed rotation can be 
made relatively shorter. In this manner, the automatic transmission can be made more 
compact and more lightweight. Further, because the inertia (inertial force) can be 
reduced, the controllability of the automatic transmission can be increased, and the 
occurrence of speed change shock can be reduced. 

[0406] Further, since the hydraulic servos 1 1 and 12 are mounted on the input 
shaft 2, one set of seal rings 81 and 82 serves to supply oil from the oil lines 2a and 2b 
provided within input shaft 2 to the oil chambers of hydraulic servos 12, 13 without 
providing seal rings between, for example, the input shaft 2 and the hydraulic servos 12, 
13. Therefore, oil can be supplied simply by providing one set of seal rings 81 and 82 
for each of the hydraulic servos 12, 13, sliding resistance from the seal rings can be 
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minimized, and therefore the efficiency of the automatic transmission can be improved. 

[0407] Further, when the clutch C2 is engaged in first speed reverse, the hub 
unit 224 that connects this clutch C2 and the sun gear S2 rotates at the same speed as 
the input shaft 2. Accordingly, by engaging clutch C2, while the transmitting member 
230 is rotating in the opposite direction, will cause the speeds of the transmitting 
member 230 and the hub unit 224 to become greatly different, but because clutch C2 is 
located on the side of the first planetary gear unit PU opposite the second planetary 
gear unit PR, the transmitting member 230 and the hub 224 can be spaced apart from 
one another. Compared to the case wherein, for example, those components come into 
contact in a multiple axis construction, the decrease in efficiency of the automatic 
transmission caused by the friction produced by the relative rotation between those 
components can be avoided. 

[0408] Further, since the output of the reduced speed rotation to the first 
planetary gear unit PU from the second planetary gear unit PR is controlled by 
engagement of the brake B3, the number of components (for example drum-shaped 
members and so forth) can be reduced as compared to an embodiment wherein, for 
example, a clutch C1 is employed. Further, the brake B3 can receive a supply of oil 
directly from the case 3, and therefore the configuration of the oil line can be simplified 
as compared to the case wherein, for example, a clutch C1 is employed. 
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[0409] Further, the automatic transmission I20 according to the twentieth 
embodiment is directly coupled at fifth speed fonA^ard. Therefore, in first speed forward 
and fourth speed forward, the gear ratio can be such as to provide greater efficiency, 
and particularly when the vehicle is running at a high speed, the engine can be operated 
more efficiently, and fuel economy of the vehicle while running at a low to medium 
speed is increased. 

[0410] In this embodiment also, the transmitting member which links the 
planetary gear units PR and PU requires rigidity to withstand the reduced speed torque 
that is input. For example, in the case of a clutch that engages at a slow to medium 
speed and a clutch that engages to transmit reduced speed rotation and that is located 
on the inner side of the transmitting member, the clutch must have a large capacity and, 
therefore, a large diameter to provide the necessary capacity. Therefore, in the event 
that the transmitting member passes on the radially outer side of such a clutch, even a 
larger diameter of the clutch becomes necessary, the diameter of the transmitting 
member is enlarged more than necessary, and the automatic transmission as a whole 
has a greater diameter. Therefore an object of the present embodiment is to avoid 
enlargement of the diameter, and to provide a compact automatic transmission. 

[041 1] According to this twentieth embodiment, all clutches can be configured 
without enlarging the diameter of the transmitting member, because a clutch C3 with a 
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small capacity is provided on the inner side of the transmitting member 230. 

Twenty-first Embodiment 

[0412] A twenty-first embodiment is a partial modification of the eighteenth 
embodiment and will now be described with reference to Fig. 39. Components of the 
twenty-first embodiment which are the same as those of the eighteenth embodiment are 
denoted by the same reference numerals, and description thereof will be omitted here, 
except for modified components. 

[0413] As Fig. 39 illustrates, the automatic transmission Ig, of the twenty-first 
embodiment differs from the eighteenth embodiment in the configuration of the clutch 
CI and that of the second planetary gear unit PR. More specifically, in the diagram, the 
second planetary gear unit PR and the clutch CI are on the right side of the planetary 
gear unit PL), and the counter gear 5 is located between the planetary gear units PR 
and PU. 

[0414] Within the automatic transmission Iji is a multi-disc clutch CI comprising 
a hydraulic servo 1 1 , friction plates 71 , a clutch drum 221 , a hub unit 222 connected to 
a sun gear S3, and radially outward of the clutch CI is a multi-disc clutch C2 comprising 
a hydraulic servo 12, friction plates 72, a clutch drum 223, and a hub unit 224. Further, 
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radially outward of the hub 224 is a multi-disc brake B2 comprising a hydraulic servo 15 
and friction plates 75. 

[0415] The input shaft 2 is rotatably supported by the clutch drum 221 , and a 
front edge portion of the inner circumferential surface of this drum 221 is splined to the 
friction plates 71 of the clutch CI , which friction plates 71 are intermeshed with the 
friction plates splined to the hub unit 222. 

[0416] Further, the sun gear SI is fixed to and supported by the boss 3a, and 
the carrier CR1 is connected to the Input shaft 2 via a side plate. The ring gear 1 is 
rotatably supported by the boss 3a, and also is connected to the clutch drum 221. 
Further, the hub unit 222 is connected to the sun gear S3 by transmitting member 230. 

[0417] Now, the oil chamber of the hydraulic servo 1 1 is connected to the oil line 
2a which is formed on the Input shaft 2 and is connected to the oil line 91 in the boss 3a 
which, in turn, is connected to the oil pressure control device. This hydraulic servo 11 
comprises one set of seal rings 81 between the boss 3b of the case 3 and the input 
shaft 2, and one set of seal rings 85 between the input shaft 2 and the clutch drum 221 . 
Thus, two sets of seal rings connect oil supply from the oil pressure control device to the 
oil chamber of the hydraulic servo 1 1 . 
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[0418] At the other end of the input shaft 2 (left side in diagram) is a multi-disc 
clutch C that comprises a hydraulic servo 13, friction plates 73, a clutch drum 225, and 
a hub unit 226. The friction plates 73 are splined to a front edge portion of the inner 
surface of the clutch drum 225 of this clutch C3, and friction plates 73 are intermeshed 
with friction plates splined to the front edge of the outer circumferential surface of the 
hub unit 226, and this hub unit 226 is connected to the side plate of the carrier CR2. 

[0419] The oil chamber of this hydraulic servo 13 is connected to an oil line 2b 
which is formed on the above-mentioned input shaft 2, and this oil line 2b is connected 
to the oil line 93 of the boss 3b, which boss 3b forms a sleeve around one end of the . 
input shaft 2. Therefore, an oil line from the oil pressure control unit, not illustrated, to 
the oil chamber of the hydraulic servo 13 is constructed simply by providing one set of 
seal rings 82 between the boss 3a of the case 3 and the clutch drum 225. 

[0420] On the radially outer side of the planetary gear unit PU is a multi-disc 
brake B1 comprising a hydraulic servo 14, friction plates 74, and a hub unit 228. The 
side plate of the carrier CR2 of the first planetary gear unit PU is connected to the hub 
unit 228 that is splined to friction plates intermeshed with the friction plates 74 of the 
brake B1 , and further, the hub unit 228 is connected to the inner race of the one-way 
clutch F1 . The sun gear S3 is meshed with the short pinion PS of this carrier CR2 and 
the long pinion PL of this carrier CR2 is meshed with the sun gear S2 and the ring gear 
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2. One edge of this ring gear R2 is connected to the counter gear 5 via the transmitting 
member 227. 

[0421] The operations of the automatic transmission differ from those of the 
eighteenth embodiment in that, within the second planetary gear unit PR, the carrier 
CR1 and the sun gear S1 have switched positions. In other words, the sun gear S1 is 
fixed, and the rotation of the input shaft 2 is input to the carrier CR1 , but the other 
components are the same as those of the eighteenth embodiment (see Fig. 31 and Fig. 
32), and accordingly description will be omitted. 

[0422] In the automatic transmission I21 of the twenty-first embodiment, due to 
the second planetary gear unit PR and the clutch C2 being located on one side of the 
planetary gear unit PU, and the clutch C3 being located on the other axial side of the 
first planetary gear unit PU, the planetary gear units PR and PU can be located more 
closely together, as compared to an embodiment wherein, for example, two clutches C2 
and C3 are located between the planetary gear units PR and PU, and the transmitting 
member 230 which transmits reduced speed rotation can be made relatively shorter. By 
doing so, the automatic transmission can be made more compact and more lightweight. 
Further, because the inertia (inertial force) can be reduced, the controllability of the 
automatic transmission can be increased, and the occurrence of speed change shock 
can be reduced. Further, compared to the case wherein three clutches CI , C2, C3 are 
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located on one side of the planetary gear unit PU, the oil lines (for example, 2a, 2b, 91 , 
92. 93) that supply the hydraulic servos 11,12, and 13 of these clutches CI, C2, C3 can 
be constructed easily, the manufacturing process can be simplified, and the costs can 
be reduced. 

[0423] Further, since the counter gear 5 is located axially between the planetary 
gear units PU and PR, the counter gear 5 can be located in approximately the axial 
center of the automatic transmission. For example, when the automatic transmission is 
mounted on the vehicle, need for enlargement in one direction (particularly in the rear 
direction when the side the drive source is the "front") can be avoided because the 
counter gear 5 is mounted adjacent the drive wheel transmission device. Because of 
this, particularly in the case of a FF vehicle, interference with the front wheels is 
reduced, and the mountability on a vehicle can be improved such that the steering angle 
can be greatly increased, for example. 

[0424] Further, the automatic transmission I21 is directly coupled in fifth speed 
foHA^ard. Therefore, in first speed forward and fourth speed forward, the gear ratio can 
be specified for better efficiency, and particularly when the vehicle is running at a high 
speed, the engine can be operated more efficiently, and fuel economy is increased 
while running at a low to medium speed. 
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Twenty-Second Embodiment 

[0425] A twenty-second embodiment, which is a partial modification of the 
twenty-first embodiment, will now be described with reference to Fig. 40. Fig. 40 is a 
schematic cross-sectional diagram illustrating the automatic transmission of the twenty- 
second embodiment. Components of the twenty-second embodiment which are the 
same as those of the twenty-first embodiment are denoted by the same reference 
numerals, and description thereof omitted, except for modified components. 

[0426] As Fig. 40 illustrates, the automatic transmission of the twenty-second 
embodiment differs from that of the twenty-first embodiment in the configuration of the 
second planetary gear unit PR and the clutch C2, and further differs in that brake B3 is 
utilized instead of clutch C1, which enables the carrier CR1 of the second planetary 
gear unit PR to be fixed by the brake B3. 

[0427] Within this automatic transmission I22, the brake B3 is located on the side 
(the right side of the diagram) of the second planetary gear unit PR opposite the 
planetary gear unit PU. This brake 83 comprises a hydraulic servo 16, friction plates 
76, and a hub unit 233. Hub unit 233 is connected to the sun gear S1 and is rotatably 
supported by the boss 3a. Further, the clutch C2 comprises a hydraulic servo 12, 
friction plates 72, a drum member 223, and a hub unit 224 and is located on the outer 
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side of the hub unit 233 of bral<e B3. The drum 223 of this clutch C2 is connected to 
one side plate of the carrier CR1 , and the other side plate of carrier CR1 is connected to 
the input shaft 2. Also, the ring gear R1 is connected to the sun gear S3 via transmitting 
member 230. 

[0428] The oil chamber of the hydraulic servo 12 is linked to the oil line 91 of the 
boss 3a provided on the input shaft 2 in a sleeve form, via an oil hole (not illustrated) 
formed in the hub unit 233, and this oil line 91 is linked to the oil pressure control 
device. This hydraulic servo 1 1 comprises one set of seal rings 80 between the boss 3a 
of the case 3 and the hub unit 233, and one set of seal rings 86 between the hub unit 
233 and the drum 223. In other words, two sets of seal rings construct an oil line from 
the oil pressure control device to the oil chamber of the hydraulic servo 12. 

[0429] The automatic transmission I22, of this twenty-second embodiment differs 
from that of the twentieth embodiment in that, within the second planetary gear unit PR, 
the carrier CR1 and the sun gear SI have switched positions; in other words, the sun 
gear 81 is fixed by the brake B3, and the rotation of the input shaft 2 is input to the 
carrier CR1 , but the other components are the same as those of the twentieth 
embodiment (see Fig. 37 and Fig. 38), and accordingly description thereof will be 
omitted. 
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[0430] In the automatic transmission I22 of the twenty-second embodiment, due 
to the second planetary gear unit PR and the clutch C2 being located on one side of the 
planetary gear unit PU, and the clutch C3 being located on the axially opposite side of 
the first planetary gear unit PU, the planetary gear units PR and PU can be located 
more closely together, as compared with an embodiment wherein, for example, two 
clutches C2 and C3 are located between the second planetary gear units PR and PU, 
and the transmitting member 230 for transmitting reduced speed rotation can be made 
relatively shorter. By doing so, the automatic transmission can be made more compact 
and more lightweight. Further, because the inertia (inertial force) can be reduced, the 
controllability of the automatic transmission can be increased, and the occurrence of 
speed change shock can be reduced. 

[0431] Further, since the counter gear 5 is located between the first planetary 
gear unit PU and the second planetary gear unit PR, the counter gear 5 can be located 
in approximately the axial center of the automatic transmission. For example, when the 
automatic transmission is mounted on the vehicle, enlargement in one direction 
(particularly in the rear direction when the side facing the drive source is the "front") can 
be prevented because the counter gear 5 is mounted adjacent the drive wheel 
transmission device. Because of this, particularly in the case of a FF vehicle, 
interference with the front wheels is reduced, mountability on a vehicle is improved, and 
the steering angle is greatly increased. 
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[0432] Further, since the reduced speed rotation output to the first planetary 
gear unit PU from the second planetary gear unit PR is engaged and disengaged by the 
brake B3, the number of components (for example drum-shaped members and so forth) 
can be reduced as compared to the case wherein, for example, a clutch C1 is provided. 
Further, the brake B3 can connect with an oil line directly from the case 3, and therefore 
the configuration of the oil line can be simplified as compared to the case wherein, for 
example, a clutch C1 is provided. 

[0433] Further, the automatic transmission ^22 according to the present 
embodiment is directly coupled in fifth speed forward. Therefore, in first speed fonA/ard 
and fourth speed fonA^ard, the gear ratio can be better set for maximum efficiency, and 
particularly when the vehicle is running at a high speed, the engine can be operated 
more efficiently, and fuel economy while running at a low to medium speed can be 
improved. 

[0434] If a clutch is located between the planetary gear units PR and PU for 
example, the length of the transmitting member that links the planetary gear units PR 
and PU becomes axially longer, and since this linking member transmits the reduced 
speed rotation, the thickness of the member must be increased so as to withstand the 
high torque, and therefore the weight also increases. Therefore, an object of the 
present invention is to provide an automatic transmission that can shorten the distance 
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between the speed reduction (second) planetary gear unit PR and tlie first planetary 
gear unit PU, and avoid increase in weigfit. 

[0435] In this twenty-second embodiment the clutch C2 is disposed on the side 
of the second planetary gear unit PR axially opposite the first planetary gear unit PU, 
and, therefore, a clutch between the planetary gear units PR and PU is not necessary, 
and the length of the transmitting member 230 can be made that much shorter. 
Therefore, Increase in weight of the automatic transmission as a whole can be avoided. 

Twenty-third Embodiment 

[0436] A twenty-third embodiment, which is a partial modification of the 
eighteenth embodiment will now be described, with reference to Fig. 41 . Components 
of the twenty-third embodiment which are the same as those of the eighteenth 
embodiment are denoted by the same reference numerals, and description thereof 
omitted, except for modified components. 

[0437] As Fig. 41 illustrates, the automatic transmission I23 of the twenty-third 
embodiment differs from the eighteenth embodiment In the configuration of the clutch 
CI and the second planetary gear unit PR. More specifically, the second planetary 
gear unit PR and the clutch C1 are located on one side (the right side in the diagram) of 
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the first planetary gear unit PU, and the counter gear 5 is located between the planetary 
gear units PR and PU. The twenty-third embodiment also differs in that the locations of 
the clutch C2 and the brake B2 are switched as compared to the automatic transmission 
1 18 of the eighteenth embodiment (see Fig. 30). 

[0438] Within the automatic transmission I23, mounted on the input shaft 2 is a 
multi-disc clutch C3 comprising a hydraulic servo 13, friction plates 73, a clutch drum 
225, a hub unit 226 connected to sun gear S2, and, located radially outward of clutch 
C3, is a multi-disc clutch C1 comprising a hydraulic servo 11, friction plates 71, a clutch 
drum 221 and a hub unit 224. 

[0439] The oil chamber of the hydraulic servo 13 is connected to the oil line 2a 
formed on the input shaft 2. and this oil line 2a is connected to the oil line 91 of the boss 
3a, which oil line 91, in turn, is connected to the oil pressure controller not illustrated. 
Thus, because the hydraulic servo 13 is mounted on the input shaft 2, simply providing 
one set of seal rings 81 between the boss 3a and the input shaft 2 serves to connect oil 
supply from the oil pressure controller to the oil chamber of the hydraulic servo 13. 

[0440] Further, the oil chamber of the hydraulic servo 1 1 is connected to the oil 
line 92 of the boss 3a, which oil line 92, in turn, is connected to the oil pressure 
controller. Thus, for the hydraulic servo 1 1 , simply by providing one set of seal rings 80 
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between the boss 3a and the clutch drum 221, oil supply from the oil pressure controller 
is connected to the oil chamber of the hydraulic servo 1 1 . 

[0441] The input shaft 2 is connected to the clutch drum 225 of the clutch C3, 
and the front portion of the inner surface of this clutch drum 225 is splined with the 
friction plates 73. Friction plates 73 are intermeshed with friction plates splined to the 
hub unit 226, and hub unit 226 is connected to the sun gear S2. 

[0442] The input shaft 2 rotatably supports the clutch drum 221 . The inner 
surface of this clutch drum 221 is splined to the friction plates 71 of the clutch CI which 
is operated by the hydraulic servo 1 1 , and these friction plates 71 are intermeshed with 
friction plates splined to the hub unit 222 that is connected to the ring gear R1 . Ring 
gear R1 is rotatably supported by the boss 3a via hub unit 222. The sun gear SI is 
connected to the input shaft 2, and the carrier CR1 is fixed to and supported by the boss 
3a via a side plate. Also, the clutch drum 221 is connected to the sun gear S3 via the 
transmitting member 230. 

[0443] The boss 3b of the case 3 is in the form of a sleeve fitted on one end of 
the input shaft 2, and extending as a sleeve on the opposite end of input shaft 2 is a 
boss 3a, which supports a multi-disc clutch C1 comprising a hydraulic servo 12, friction 
plates 72, a clutch drum 223, and a hub unit 224. The oil chamber of this hydraulic 
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servo 12 is connected to oil line 93 of the boss 3b, which oil line 93, in turn, is 
connected to the oil pressure controller. In other words, the above-mentioned hydraulic 
servo 12 is connected to the oil pressure controller by one set of seal rings 84 between 
the boss 3b and the clutch drum 223. 

[0444] A front portion of the inner surface of the clutch drum 223 is splined to 
friction plates 72 which are intermeshed with friction plates splined to a front portion of 
the outer surface of the hub unit 224. Further, radially outward of the clutch C2 is a 
multi-disc brake comprising an hydraulic servo 15 and friction plates 75, and the outer 
circumferential surface of hub unit 224 is splined to friction plates 75 that can be 
engaged by operation of the hydraulic servo 15. Also, this hub unit 224 is connected to 
the sun gear S2. 

[0445] Radially outward of the planetary gear unit PU is a multi-disc brake B1 
comprising a hydraulic servo 14, friction plates 74, and a hub unit 228. The side plate of 
the carrier CR2 of the first planetary gear unit PU is connected to the hub unit 228 that 
is splined to the friction plates of the above-mentioned brake B1 , and further, the hub 
unit 228 is connected to the inner race of the one-way clutch F1 . The sun gear S3 is 
meshed with the short pinion PS of this carrier CR2. The long pinion PL of this carrier 
CR2 meshes with the sun gear S2 and the ring gear R2, and to one edge of this ring 
gear R2 is connected the transmitting member 227, and ring gear R2 is linked to the 
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counter gear 5 via this transmitting member 227. 

[0446] The operations of the automatic transmission I23, of this twenty-third 
embodiment are similar to those of the eighteenth embodiment (see Fig. 31 and Fig. 
32), and, accordingly, description thereof will not be repeated here. 

[0447] In the automatic transmission I23 of this embodiment, due to the second 
planetary gear unit PR and the clutch C3 being located on one side of the first planetary 
gear unit PU, and the clutch C2 being located on the axially opposite side of the first 
planetary gear unit PU, the planetary gear units PR and PU can be located more closely 
together, as compared to the case wherein, for example, two clutches C2 and C3 are 
located between the planetary gear units PR and PU, and the transmitting member 230 
for transmitting reduced speed rotation can be relatively shorter. By doing so, the 
automatic transmission can be made more compact and more lightweight. Further, 
because the inertia (inertial force) can be reduced, the controllability of the automatic 
transmission can be increased, and the occurrence of speed change shock can be 
reduced. Further, compared to the case wherein three clutches C1 , C2, C3 are located 
on one side of the first planetary gear unit PU, the oil lines (for example, 2a, 91, 92, 93) 
that supply the hydraulic servos 11,12, and 13 of these clutches CI , C2, C3 can be 
more easily constructed, the manufacturing process can be simplified and the costs can 
be reduced. 
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[0448] Further, since the hydraulic servo 1 3 is mounted on the input shaft 2, one 
set of seal rings 81 serves to connect the oil supply to the oil lines 2a provided within 
input shaft 2, and therefore oil can be supplied to the oil chamber of hydraulic servo 13 
without providing seal rings between, for example, the input shaft 2 and the hydraulic 
servo 12. Further, the hydraulic servos 1 1 and 12 can receive supply of oil directly from 
the bosses 3a, 3b extending from the case 3, without passing through other 
components. Therefore, oil can be supplied simply by providing one set of seal rings 
81, 80, 84 for each of the hydraulic servos 11,12, and 13, sliding resistance from the 
seal rings can be minimized, and therefore the efficiency of the automatic transmission 
can be improved. 

[0449] Further, because the clutch C3 is located radially inward of the clutch CI, 
the clutch CI , which must transmit a relatively large torque in order to transmit the 
reduced speed rotation, can be located on the outer circumference side, and its 
hydraulic servo 11 can have an increased diameter. Thus, the pressure-receiving area 
of the oil chamber of the hydraulic servo 1 1 can be enlarged, and the torque 
transmitting capacity of this clutch CI can be increased. By configuring the clutch C3 to 
have a smaller torque transmitting capacity than clutch CI , the automatic transmission 
can be made more compact. 

[0450] Because when clutch C2 is engaged in first speed reverse, the 



169 



AW02-0861-1US 

transmitting member 230 rotates in the opposite direction while the hub unit 224 that 
connects clutch C2 and the sun gear S2 rotates in the same direction as the input shaft 
2, the transmitting member 230 and the hub unit 224 rotate at greatly different speeds, 
but because this clutch C2 is located on the side of the first planetary gear unit PU 
opposite the second planetary gear unit PR, the transmitting member 230 and the hub 
hunt 224 can be spaced apart from one another. Compared to the case wherein, for 
example, these components come into contact in a multiple axis construction, the 
decrease in efficiency of the automatic transmission caused by the friction produced by 
the relative rotation between these components can be avoided. 

[0451] Further, because the counter gear 5 is located between the planetary 
gear units PU and PR, the counter gear 5 can be located in approximately the axial 
center of the automatic transmission. For example, enlargement of the automatic 
transmission toward the rear of the vehicle (when the input side facing the drive source 
is the "front") is not necessary because the counter gear 5 is mounted adjacent the drive 
wheel transmission device. Because of this, particularly in the case of a FF vehicle, 
interference with the front wheels is reduced, the mountability on a vehicle is improved, 
and the steering angle can be greatly increased. 

[0452] Further, the automatic transmission I23 according to the present 
embodiment is directly coupled in fifth speed fonA^ard. Therefore, in first speed forward 
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and fourth speed forward, the gear ratio can be determined for greater efficiency, when 
the vehicle is running at a high speed the engine can be operated more efficiently, and 
fuel economy of the vehicle can be increased when running at a low to medium speed. 

[0453] The transmitting member for linking the planetary gear units PR and PU 
requires rigidity to withstand the reduced speed torque that is input. For example, a 
clutch that engages at a slow to medium speed and a clutch that engages and 
disengages reduced speed rotation and that is located radially inward of the linking 
member must have a large capacity, and therefore must have a diameter corresponding 
to this required large capacity. Therefore, in the event that the transmitting member 
passes radially outward of such a clutch, an even larger diameter for the clutch 
becomes necessary, the diameter of the transmitting member must be further enlarged, 
and the diameter of the automatic transmission as a whole becomes greater. Therefore 
an object of the present embodiment is to reduce the diameter, and to provide a more 
compact automatic transmission. 

[0454] According to the present embodiment, all clutches can be designed to 
avoid enlarging the diameter of the transmitting member, by designing clutch C3 to have 
a small capacity and to be located radially inward of the transmitting member 230. 

Twenty-fourth Embodiment 
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[0455] The twenty-fourth embodiment is a partial modification of the twenty-third 
embodiment and will be described with reference to Fig. 42. Components of the 
twenty-fourth embodiment which are the same as those of the twenty-third embodiment 
are denoted by the same reference numerals, and description thereof will not be 
repeated here, except for modified components. 

[0456] As Fig. 42 illustrates, the automatic transmission I24 of the twenty-third 
embodiment is modified with respect to the configuration of the clutch C1 , as compared 
to that of the automatic transmission I23 of the eighteenth embodiment (see Fig. 41 ). 

[0457] Within the automatic transmission I24, the clutch C1 is located on the side 
of the second planetary gear unit PR opposite (right side on the diagram) the first 
planetary gear unit PU. A front portion of the inner circumferential surface of the drum 
221, which is connected to the input shaft 2, is splined to friction plates 71 which are 
intermeshed with friction plates splined to the hub unit 222. The hub unit 222 is 
connected to the sun gear S1 of the second planetary gear unit PR. 

[0458] The side plate of the carrier CR1 of the second planetary gear unit PR is 
fixed to and supported by the case 3. The ring gear R1 is connected to the sun gear S3 
by the transmitting member 230. The clutch C3 comprises a hydraulic servo 13, friction 
plates 73, a drum 225, and a hub unit 226 and is located radially inward of the 
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transmitting member 230, that is to say, enclosed within transmitting member 230. 

[0459] The operations of the automatic transmission I24, are the same as those 
of the nineteenth embodiment (see Fig. 34 and Fig. 35), and, accordingly, description 
thereof will not be repeated here. 

[0460] In the automatic transmission I24, because the second planetary gear unit 
PR and the clutch C3 are located on one side of the first planetary gear unit PU, and the 
clutch C2 is located on the other (axially opposite) side of the first planetary gear unit 
PU, the planetary gear units PR and PU can be located more closely together, as 
compared to the case wherein, for example, two clutches C2 and C3 are located 
between the planetary gear units PR and PU, and the transmitting member 230 for 
transmitting the reduced speed rotation can be relatively shorter. By doing so, the 
automatic transmission can be made more compact and more lightweight. Further, 
because the inertia (inertial force) can be reduced, the controllability of the automatic 
transmission can be increased, and the occurrence of speed change shock can be 
reduced. Further, compared to the case wherein three clutches C1, C2, C3 are located 
on one side of the planetary gear unit PU, the oil lines (for example, 2a, 91 , 92, 93) that 
supply the hydraulic servos 11, 12, and 13 of these clutches CI , C2, C3 can be more 
easily constructed, the manufacturing process can be simplified and the costs can be 
reduced. 
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[0461] Further, because the hydraulic servo 13 is mounted on the input shaft 2, 
one set of seal rings 81 seal the case 3 with the oil lines 2a provided within input shaft 2 
to supply oil to the oil chamber of hydraulic servo 13 without providing seal rings 
between, for example, the input shaft 2 and the hydraulic servo 13. Further, the 
hydraulic servos 1 1 and 12 can receive supply of oil directly from the bosses 3a, 3b 
extending from the case 3, without passing through other components, and therefore 
the oil supply can be connected by providing one set of seal rings 80, 84. Therefore, oil 
can be supplied simply by providing one set of seal rings 81 , 80, 84 for each of the 
hydraulic servos 11, 12, and 13, sliding resistance from the seal rings can be minimized, 
and therefore the efficiency of the automatic transmission can be improved. 

[0462] Further, when the clutch C2 is engaged in first speed reverse, the 
. transmitting member 230 rotates in the opposite direction while the hub unit 224 that 
connects this clutch C2 and the sun gear S2 rotates in the same direction as the input 
shaft 2. Accordingly, the transmitting member 230 and the hub unit 224 rotate at greatly 
different speeds. However, because this clutch C2 is located on the side of the first 
planetary gear unit PU opposite the second planetary gear unit PR, the transmitting 
member 230 and the hub unit 224 can be spaced apart from one another. Compared to 
the case wherein, for example, those components come into contact in a multiple axis 
construction, a decrease in efficiency of the automatic transmission caused by the 
friction produced by the relative rotation between those components can be avoided. 
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[0463] Further, because the counter gear 5 is located axially between the 
planetary gear units PU and PR, the counter gear 5 can be located in approximately the 
axial center of the automatic transmission. For example, when the automatic 
transmission is mounted on a vehicle, enlargement towards the rear (when the input 
side facing the drive source is the "front") is not necessary because the counter gear 5 
is mounted to mate with the drive wheel transmission device. Because of this, 
particularly in the case of a FF vehicle, interference with the front wheels is reduced, the 
mountability on a vehicle is improved, and the steering angle can be greatly increased. 

[0464] If the clutch C1 were to be placed between the ring gear Ri and the sun 
gear S3 for example, it would be required to engage and disengage low speed and high 
torque rotation, and to be relatively large, but by placing the clutch C1 between the input 
shaft 2 and the sun gear S1 , the engaging and disengaging of the rotation of the input 
shaft 2 by clutch C1 indirectly engages and disengages reduced speed rotation output 
from the ring gear R1 of the second planetary gear unit PR, the clutch C1 can be made 
more compact, and therefore the automatic transmission can be made more compact. 

[0465] Further, the automatic transmission I24 according to the present 
embodiment is directly coupled in fifth speed forward. Therefore, in first speed forward 
and fourth speed forward, the gear ratio can be more precisely set to improve efficiency 
and when the vehicle is running at a high speed, the engine can be operated more 
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efficiently, and better fuel economy is achieved while running at a low to medium speed. 

[0466] In this embodiment also, the transmitting member linking the planetary 
gear units PR and PU requires rigidity to withstand the reduced speed torque that is 
input. For example, a clutch that engages at a slow to .medium speed and a clutch that 
engages and disengages reduced speed rotation and that is located on the radially 
inner side of the transmitting member must have a large capacity and, therefore, a 
diameter appropriate for such a large capacity becomes necessary. Therefore, in the 
event that the transmitting member passes on the radially outer side of this type of 
clutch, an even larger diameter for the clutch becomes necessary, the diameter of the 
transmitting member is enlarged more than necessary, and the diameter of the 
automatic transmission as a whole is increased. Therefore, an object of the present 
embodiment is to reduce the diameter and to provide a more compact automatic 
transmission. 

[0467] According to the present embodiment, all clutches can be configured to 
avoid enlarging the diameter of the transmitting member, by locating a clutch C3 with a 
small capacity on the radially inner side of the transmitting member 230. 

Twenty-fifth Embodiment 
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[0468] A twenty-fifth embodiment, which is a partial modification of the twenty- 
third embodiment will now be described with reference to Fig. 43. Components of the 
twenty-fifth embodiment which are the same as those of the twenty-third embodiment 
are denoted by the same reference numerals, and description thereof will not be 
repeated here. 

[0469] As Fig. 43 illustrates, the automatic transmission I25 of the twenty-third 
embodiment utilizes a brake B3 instead of the clutch C3, and has the carrier CR1 of the 
second planetary gear unit PR capable of being fixed by the brake B3, in which respect 
it differs from the automatic transmission I23 of the twenty-third embodiment (see Fig, 
41). 

[0470] In this automatic transmission I25, the brake B3 is located on the side (the 
right side of the diagram) of the second planetary gear unit PR opposite the planetary 
gear unit PU. This brake 83 comprises a hydraulic servo 16, friction plates 76, and a 
hub unit 233. The hub unit 233 of this brake 83 is connected to the carrier CR1 , and 
this carrier CR1 is rotatably supported by the input shaft 2. Further, the sun gear SI is 
connected to the input shaft 2. Also, the ring gear R1 is connected to the sun gear S3, 
via transmitting member 230. The clutch C3, which comprises a hydraulic servo 13, 
friction plates 73, a drum 225, and a hub unit 226, is located on the radially inner side of 
the transmitting member 230, that is to say, is enclosed within transmitting member 230. 
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[0471] The operations of the automatic transmission I25 are the same as those 
of the twentieth embodiment (see Fig, 37 and Fig. 38), and accordingly description 
thereof will not be repeated here. 

[0472] In the automatic transmission I25 of this twenty-fifth embodiment, since 
the second planetary gear unit PR and the clutch C3 are located on one axial side of the 
first planetary gear unit PU, and the clutch C2 is located on the other axial side of the 
first planetary gear unit PU, the planetary gear units PR and PU can be located more 
closely together, as compared to the case wherein, for example, two clutches C2 and 
C3 are located between the planetary gear units PR and PU, and the transmitting 
member 230 for transmitting the reduced speed rotation can be relatively shorter. In this 
manner, the automatic transmission can be made more compact and more lightweight. 
Further, because the inertia (inertia! force) can be reduced, the controllability of the 
automatic transmission can be increased, and the occurrence of speed change shock 
can be reduced. 

[0473] Further, since the hydraulic servo 13 is mounted on the input shaft 2, one 
set of seal rings 81 serves to seal the case 3 to the oil lines 2a provided within input 
shaft 2, and therefore oil can be supplied to the oil chamber of hydraulic servo 13 
without providing seal rings between, for example, the input shaft 2 and the hydraulic 
servo 12. Further, the hydraulic servo 12 can receive supply of oil from the boss 3b 
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extending from the case 3, without passing through other components and supply of oil 
is secured by providing one set of seal rings 84. Therefore, oil can be supplied simply 
by providing one set of seal rings 81 , 84 for each of the hydraulic servos 12, 13, sliding 
resistance from the seal rings can be minimized, and therefore the efficiency of the 
automatic transmission can be improved. 

[0474] Further, when clutch C2 is engaged in first speed reverse, the 
transmitting member 230 rotates in the opposite direction while the hub unit 224 that 
connects this clutch C2 and the sun gear S2 rotates in the same direction as the input 
shaft 2, and the difference in speeds between the transmitting member 230 and the hub 
unit 224 will be great; however because this clutch C2 is located on the side of the first 
planetary gear unit PU opposite the second planetary gear unit PR, the transmitting 
member 230 and the hub hunt 224 can be spaced apart from one another. Compared 
to the case wherein, for example, these components come in contact in to a multiple 
axis construction, the decrease in efficiency of the automatic transmission caused by 
the friction produced by the relative rotation between those components can be 
avoided. 

[0475] Further, since the counter gear 5 is located axially intermediate the 
planetary gear units PU and PR, the counter gear 5 can be located in approximately the 
axial center of the automatic transmission. Again in this embodiment, there is no need 
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for enlargement towards the rear (when the input side facing the drive source is the 
"front") because the counter gear 5 is mounted to mate with the drive wheel 
transmission device. Thus, particularly in the case of a FF vehicle, interference with the 
front wheels is reduced, mountability on a vehicle is improved, and the steering angle 
can be greatly increased. 

[0476] Further, since the reduced speed rotation output to the first planetary 
gear unit PU from the second planetary gear unit PR is engaged and disengaged by the 
brake B3, the number of components (for example drum-shaped members and so forth) 
can be reduced as compared to the case wherein, for example, a clutch C1 is provided. 
Further, the brake B3 can be directly connected with an oil line in the case 3, and 
therefore the configuration of the oil line can be simplified as compared to the case 
wherein, for example, a clutch C1 is used. 

[0477] Further, the automatic transmission I25 according to the twenty-fifth 
embodiment is directly coupled in fifth speed forward. Therefore, in first speed forward 
and fourth speed forward, the gear ratio can be better set for efficiency, and particularly 
when the vehicle is running at a high speed, the engine can be operated more 
efficiently, and fuel economy can be increased in running at a low to medium speed. 

[0478] In this embodiment also, the transmitting member linking the planetary 
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gear units PR and PU requires rigidity to withstand the reduced speed torque that is 
input. Further, in the case of a clutch that engages at a slow to medium speed and a 
clutch that engages and disengages reduced speed rotation and that is located on the 
radially inner side of the transmitting member, the clutch must have a large capacity and 
therefore a large diameter to provide the required torque transmitting capacity. 
Therefore, in the event that the transmitting member is the type that passes on the 
radially outward side of this type of clutch, an even larger diameter becomes necessary, 
the diameter of the transmitting member must be further enlarged, and the automatic 
transmission as a whole must have a greater diameter. Therefore, an object of the 
present embodiment is to avoid enlargement of the diameter, and to provide a more 
compact automatic transmission. 

[0479] In this twenty-fifth embodiment, all clutches can be accommodated 
without enlarging the diameter of the linking member, because clutch C3 with a small 
capacity is located radially inward of the transmitting member 230. 

[0480] While the above first through twenty-fifth embodiments of the present 
invention were described as being applicable to an automatic transmission having a 
torque converter, the invention is not so limited, and any motion-starting device may be 
used that would transmit the torque (rotation) at start of movement. Further, while the 
foregoing embodiments have been described as mounted on a vehicle having an engine 
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as a drive source, the invention is not so limited, and any drive source may be used as 
a matter of course, and the present invention may be applied to a hybrid vehicle. 
Further, the above-described automatic transmission is favorable for use in a FF 
vehicle, but is not so limited to this, and can be used in a FR vehicle, a four-wheel drive 
vehicle, or vehicles with other types of drive systems. 

[0481] Further, the above first through twenty-fifth embodiments have been 
described as having a double pinion planetary gear unit as the second planetary gear 
unit PR, i.e. as a reduced speed rotation output means, but again the invention is not so . 
limited, and a single pinion planetary gear unit may also be used. 

[0482] Further, the above first through twentieth embodiments and the twenty- 
third through twenty-fifth embodiments have been described as having input of the 
rotation of the input shaft 2 into the sun gear S1 of second planetary gear unit PR, with 
fixing the rotation of the carrier CR1 , whereby the ring gear R1 rotates at a reduced 
speed. However, the rotation of the sun gear S1 may be fixed, with the rotation of the 
input shaft 2 input to the carrier CR such that the ring gear R1 rotates at a reduced 
speed. 

[0483] Further, the first embodiment and the second embodiment have been 
described with the input side and the output side of the automatic transmission 
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interchanged. Likewise, the input side and the output side may be interchanged for the 
automatic transmission according to the other embodiments. 

[0484] As described above, the automatic transmission according to the present 
invention is used to advantage on vehicles such as automobiles, trucks, busses, and so 
forth, and is particularly suitable for use with vehicles which require reduction in size 
and reduction in weight and further require reduction in shock upon changing speeds. 
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